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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights. The views expressed in this report are not necessarily those
of the U.S. Nuclear Regulatory Commission.

Note that the contents of this manual may be superceded by the information contained within the
electronic help file that is supplied with SAPHIRE for Windows. Please refer to the built-in
SAPHIRE help if specific questions arise on a particular topic. Questions or comments
concerning this document should be sent to:

Curtis Smith ~ CLS2@INEL.GOV 208-526-9804
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1.

INTRODUCTION

Section 1 contains an introduction to the SAPHIRE Basics course material, an overview of PRA,
and important definitions and concepts. Also included in this section is an overview of the
SAPHIRE code capabilities.

Learning Objectives

¢

1.1

Install SAPHIRE on an IBM compatible computer.
With SAPHIRE loaded on an IBM compatible computer, start the program.
Define PRA terminology important to this class.

Describe the major steps in the PRA process

Overview of SAPHIRE Basics Course Material

The SAPHIRE Basics course material is intended to both (1) provide guidance for learning
SAPHIRE during the Basics class and (2) become a stand-alone reference document after
finishing the class. Thus, the format for the class material is a combination of the traditional
loverhead-typell of presentation information with a structured, reference-type document.

The course material is divided into two general categories. IMenu-centered" topics are first
presented and are then followed by [task-centeredl topics.

¢

The term Omenu-centered(] implies that the SAPHIRE menu options will be discussed.
For example, one menu-centered topic will be to learn how to build graphical event trees.
Sections 2 through 6 contain menu-centered information.

The term Otask-centered implies that performing certain tasks using the SAPHIRE code
will be discussed. For example, one task-centered topic will be to learn how to obtain
event tree sequence cut sets. Sections 7 through 21 contain task-centered information.
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** SAPHIRE for Windows - [DEMO project) =] E3

Fil= Generate Fault Tree Ewent Tree Sequence EndState  Modify
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SAPHIRE screen displays will be shown as they appear on your video display (as shown
above).

Square bullets () will be used to discuss topics relevant to an SAPHIRE screen display.
When discussing a particular sequence of menu options, the nomenclature
MAIN Menu = Submenu Option

will be used to indicate the main SAPHIRE menu option and any successive submenu
options.

SAPHIRE - What Is It and What Can It Do?

SAPHIRE is an integrated PRA software tool that give the user the ability to create and
analyze fault trees and event trees using a personal computer.

IRRAS was originally released in 1987 (version 1.0). Other versions of IRRAS include
2.0, 2.5, and 4.0. Additions and improvements have been added to each version of the
code.

The latest version of the SAPHIRE code is 6.0. The material contained in the class
notes is current and includes changes made from IRRAS version 5.0.
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SAPHIRE contains several features:

PRI SRR R

PC-based fault tree and event tree graphical and text editors
Cut set generation and quantification

Importance measures and uncertainty modules

Relational database with cross-referencing features

External events analysis (e.g., seismic, location transformation)
Rule-based recovery and end-state analysis

Version 5.0 was the first IRRAS release that contained 32-bit compiled code (a 16-bit
code is still available). Features of the 32-bit code include:

O
o

Reduced analysis time due to improved code execution.

Use of available extended memory (i.e., memory above the normal 640K of DOS
memory).

Ability to solve larger logic models due to improved memory handling.

The code occupies less disk space since individual modules are compiled into a
single module.

Only 386, 486, Pentium, or higher DOS compatible computers can run the 32-bit
version of SAPHIRE.

Version 6.0 is the first SAPHIRE release for Windows 95 and Windows NT.

The minimal hardware requirements are:

o

o

386 or higher Windows 95/NT compatible computer with 8 (Windows 95)/20
(Windows NT) Megs available memory (RAM).

6 Megs of memory on the hard disk for program installation. The required hard
disk memory for each database varies depending on the size and complexity of
the database.

16 color EGA/VGA monitor/video card and a keyboard and mouse (or other
pointing device).

Windows 95 or Windows NT.

A math coprocessor is optional but is recommended.

The Class Workbook

The workshop problems for the SAPHIRE class are contained in a separate handout,
referred to as the Oworkbookl or "workshop manual."
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1.5

¢

The workbook allows the SAPHIRE Basics class to be tailored to specific audiences.
This [tailored-probleml format gives the freedom to present specific topics or problems
centered around the expected needs of the students.

The workbook follows the same format as the course material, and together provide an
integrated reference package for the SAPHIRE code.

Overview of PRA

Probabilistic risk assessment (PRA) is a method to:
Identify,
characterize,

quantify probabilistically,
and evaluate hazards

The process of measuring risk (i.e., PRA) asks:

o What can go wrong?
o How likely is it?
O What are the consequences?

The NUREG-1150 type PRA process consists of three major levels.

Definitions

Hazards could include

O lonizing radiation (e.g., a nuclear power plant radiation release)
o Electrical hazard (e.g., electrical shock)

o Thermal hazard (e.g., thermal blast effects from an explosion)
o Chemical hazard (e.g., a release of toxic chemicals)

Risk

The potential of loss or damage resulting from exposure to a hazard.
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¢ Safety

Represents an acceptable level of risk relative to the benefits derived from the hazards-causing
activity.

¢ Probability

The two common interpretations of probability are:

Frequentist (the relative frequency or empirical approach) [/ The probability of event A is
given by:

P(A) = [im(X/n)

n - o

where Xis the number of times event A occurred out of n number of repeated trials. For
afixed n, the value of P(A) is the relative frequency of occurrence of event A.
Consequently, increasing n will improve the estimate of P(A).

Subjective (the [Hegree of belief//approach) [/The probability P(A) is the measure of
uncertainty or degree of belief one has of event A. For example, the knowledge of
symmetry for a particular coin may lead an analyst to postulate that the probability of
tossing a head on a toss is 0.5. The subjective method requires that probability be
assigned in a consistent manner.

¢ Reliability

The probability that a system will perform satisfactorily (i.e., does not fail) for a designated
period of time (or number of cycles) and under specified operating conditions. The
Unreliability is the complement of the reliability, that is, the probability that the system does fail
within a designated period of time and under specified operating conditions.

¢ Availability

The instantaneous availability is the probability that a system will perform satisfactorily at a
designated point in time when used under specified operating conditions. The evaluation of
system availability includes operating time, time to test, active repair time, administrative time,
and logistics time. The Unavailability is the complement of the availability.
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¢ Accident Sequence

The combination of an initiating event with system failures and successes (defined by an event
tree) which results in a definable outcome. For a nuclear power plant PRA, the outcome is
generally core damage.

¢ Dominant Contributors

Failures which are quantitatively the largest contributors (i.e., Ddominantl) to the likelihood of
the defined event (e.g., accident sequence, system failure).

¢ Minimal Cut Set

A minimum combination of failures needed to result in the occurrence of the event of interest
(e.g., accident sequence, system failure).

¢ Consequence

A measure of the degree of damage or loss experienced given a particular accident sequence.
For a nuclear power plant PRA, an accident sequence consequence is generally the anticipated
offsite radiation dose to the population surrounding the plant.

¢ Fault Tree Linking

A technique whereby the fault tree logic is combined with the event tree logic (i.e., successes
and failures) resulting in a logic expression for each sequence in the event tree.
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1.6 Major Steps The "NUREG-1150 Type" PRA Process

Level 1 Accident Frequencies
Plant Damage State
Accident Progression, Containment Loadings,
and Structure Response
Level 2
Transport of Radioactive Materia
Source Tem Groups
Level 3 Offsite Conseguences
Consequence Measures
Y VY 9
Risk Integration
¢ The output of the Level 1 PRA is the core damage frequency and includes:.

¢ Identification of accident sequences and their frequencies.
¢ Identification of dominant contributors to core damage.
¢ Classification of accident sequences into Plant Damage States.

¢ Event tree and fault tree analysis are most commonly used in Level 1 PRA.
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Event Trees

| oss of Offsite _ ) )
Fower Initisting | Emmergency Cooling|Containmert Cooling
Evert
LOSP ECS CCs SEQ 4 EMDSTATE
1 OK
2 SMALL—RELEASE
3 LARGE—RELEASE
¢ Event trees are logical representations of significant plant responses to initiating events.
o Each sequence results in either a safe condition (e.g., safe shutdown) or an
accident condition (e.g., core damage).
o Event trees relate systems and functions to a particular sequence progression.
o Event trees provide an end-to-end traceability of accident sequences.
¢ Event trees provide a traceable way to perform the following functions:
o ldentify accident sequences.
o Identify essential safety system functions.
O Quantify sequence frequencies.
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Fault Trees

Containment Cooling Fault Tree
|

CCS$ FAILS TO SPRAY
WATER INTO THE
CONTAINMENT

[

CC#
\ \
ggﬂA_}l’gxgg THE ?8'IiHJPELéI\_II!P TRAINS |FAIL
CCS-TRAN
CCS-SUPPLY
\ \
C-MOV-1 RWST SUPPLY TO THE
FAILS TO OPEN INJECTION AND COOLING
SYSTEMS
C-MOVY-1- Q
FAILS TANK
\
CC8 SUCTION EMERGENCY DIESEL
ISQLATION VALVE GENERATOR B
C-MOV-1 DG-B
¢ Fault trees are logical representations of the credible failures that can cause an

undesired event to occur.
O The undesired event is stated at the top of the fault tree.

o The fault tree gates specify the logical combinations of basic events that lead to
the top event.

o Fault trees can be used to identify system [weaknesses.[]
O Fault trees can help to recognize interrelationships between fault events.
o SAPHIRE evaluates the fault tree to find system minimal cut sets and the system

failure probability.

¢ Fault trees consist of logic gates and basic events as inputs into the logic gates.
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Logic Gates

Represent the Boolean operation (e.g., union, intersection) of the input events.

Basic Events

Represent a fault such as a hardware failure, human error, or an adverse condition.

1.7 Accident Sequence Quantification Steps

)
@
®
)

® @

Link fault models to the event tree sequences.

Evaluate each accident sequence for minimal cut sets.
Quantify the accident sequence minimal cut sets with event data.

Add operator recovery actions and common-cause failures (if not already in the
fault tree and event tree logic models).

Determine the dominant accident sequences.
Partition the accident sequences into appropriate plant damage state bins.

Perform sensitivity, importance, and uncertainty analysis on the accident
sequences.

1.8 Installation of SAPHIRE

¢ To install:

S O OO

1-10

Place the installation disk labeled, “SAPHIRE Disk 1,” the floppy disk
drive.

From the Windows 95 (or NT) Start Bar, click Run.
In the Open field, type a:\SETUP or Browse for the setup file on the floppy disk..
Choose Ok.

The Setup program prompts you through the installation process. Follow the
instructions on the screen.



¢ The installation program will make an installation subdirectory if needed.

o Any databases (such as the DEMO database) will be contained in a subdirectory
in the destination directory (e.g., SAF60\DEMO).
o The database subdirectory will contain the relational database files.

- *IDX files contain data indices.
- * BLK files contain variable length data (e.g., cut sets).
- *.DAT files contain actual data and data pointers.

1.9 SAPHIRE Constants
The SAPHIRE Constants dialogs are used to customize the SAPHIRE code.

¢ Four constants diloags are available.
O [Generalll information
O [ICut-Sets( information
o Fault tree graphics default values
O Event tree graphics default values
¢ The constants can be modified by:
@ Using the mouse to move to a particular field.

@ Change the constant(s) and select the next Define Constants dialog.

® Click Save to save all your "constant" choices for the project that is currently
selected.

- Choose Global Save to save your "constant" choices to a central storage file.
- Choose Global Load to load the constants stored in the central storage file.

TIP Once the constants are changed to the desired settings, click the Global Save
button. Then, when you select another database, you can retrieve the settings by clicking
the Global Load button. Also, when you start a new database from scratch, the constants
stored by the "Global Save" option will be used as the initial defaults.
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¢ The following constant screens should to be accessed and the appropriate settings
made prior to creating a new Project or before clicking the Global Save button.

"General" constants screen

Define Constants

The general constant screen allows for general use information to be added.

The “Uncertainty Values” option sets the default uncertainty analysis type by selecting either
Latin Hypercube or Monte Carlo radio button. Also, the random seed and number of samples
can be specified.

The “Importance Measurement Type” option sets the default importance measure to be
reported when an importance measure report is outputted.
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"Cut Set-attributes" constants screen

Define Constants

The Cut Set Generation options are used when generating both fault tree and sequence cut
sets. The options marked by a check in the box and the value specified will be used when
generating either fault tree or event tree cut sets.

TIP Make sure the "solve sequences with fault trees" option is checked in order to tell SAPHIRE
to use the fault tree logic when generating accident sequence cut sets. Also, make sure that the
"auto apply recovery rules" option is checked in order to tell SAPHIRE to automatically apply
recovery rules (if they are defined) to the cut sets after generation.

The “Mission time” field specifies the default mission time. The default mission time is used
only for those basic events that have a mission time of zero.

The “Quantification Method” option specifies which analysis method to use when quantifying the
cut sets.
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"Fault Tree Graphics" constants screen

Define Constants E |

Generall Cut Set  Fault Tree | Event Treel

—5Shape Mames
Gate [EEDE Event [EVENT
= Shape Attributes

FIll Calar IE“LJE "I
Mame Fant |
Dutline Calor IMaru:u:-n "I

= Line Attnbutes
St_'.-"E F 5 |:||||:| —

" Dashed = - Lire Colar IE!Iau:k 'I

r Dﬂtted InEREIEE RN

= Text Aftributes _
Haorizottal Wertical
= Left " Bae
ﬂl ¥ Center " Bottom
" Righl * Top
= Other
¥ Shaw Names B ackground IWhite 'I
¥ Show Text
[T Show Grid

k. I Cancel

The fault tree graphic constant screen should be verified prior to creating any fault tree graphics.
Check to make sure that the graphical colors that are selected will result in a readable fault tree
(e.g., do not select black lines on a black background). The constants shown above are for
illustration purposes, change the color/font scheme to your preferences.
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"Event Tree Graphics" constants screen

Define Constants E |

Generall Cut Setl Fault Tree Ewent Tree I

Top Background Color I Gray - I

— Top Attributes
MAKME display width I- characters M arme Font
DESCRIPTION display height I 3 lines Desc Font

— Text Attibutes - —
Harizontal Justification

Teut Fort | i Left

¥ Center

— Other

Backaground Color m
Line Color Im
Tree Leaf Height ID—

End State Font |

o ]

Cancel

The event tree graphic constant screen should be verified prior to creating any event tree

graphics. Check to make sure that the graphical colors that are selected will result in a readable
event tree (e.g., do not select black lines on a black background). The constants shown above

are for illustration purposes, change the color/font scheme to your preferences.
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2. DATABASE CONCEPTS

Section 2 presents an overview of the SAPHIRE database structure. Included in this section are
discussions of SAPHIRE projects, base case versus current case, base case updates, and

change sets.

* & & o

Define the two major parts of the SAPHIRE project that store data.
Add and select a new project.

Explain the Generate Event Data option.

State the general concepts for using change sets.

2.1 SAPHIRE Projects

¢ In SAPHIRE, the term [project(] represents a single, specific data base.

¢ When starting a PRA, a project must be created (via the File = New Project option).

@  Click the backup up one level folder or use the menu bar to select the directory
where the new project is to be added.
@ Right click the mouse and scroll down to new =» folder
@ Add the new folder (name) directory for the project.
@  Select the newly created project folder
® In the file name field, type in the project name (up to 24 characters).
® The project can now be modified using (Modify =» Project).
¢ To access a particular project, the project must be selected (via the File & Open
Project option).
o Modifications to a data base (e.g., a new fault tree is developed) are always
made to the currently selected project.
o For a given project, only one list is kept for all types of information. Thus, within
a project, only a single copy of a particular fault tree, event tree, or basic event is
ever stored in the data base.
¢ Each project is contained within a separate subdirectory in the SAPHIRE directory.

Project (Definition)

A group of fault tree logic and graphics; event trees and sequences; basic events and related
data; cut sets; analysis results; and descriptions.
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2.2 Base Case Versus Current Case Data

¢ Base case and current case are two separate parts of a project data base.
O Base Case data is stored in the data base files as a permanentl] record
o Current Case data is used to perform an analysis (e.g., cut set generation and
quantification)

f

/ Base Case"

Results

Event Data

A g

Logic Models
and Graphics

/Current Case

Results

Event Data

A

Current Case Is

Change Sets
and Flag Sets

o Created (via the Generate option) by applying change sets to base case data
o Used for sensitivity or event analysis
O Not stored in relational database (only the change set and base case data are
stored)
¢ All SAPHIRE calculations use the data stored in the current case.
¢ Current case is sometimes referred to as the Alternate case.
¢ Current case can equal the base case in order to reproduce the original study stored in

the base case.
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¢ Only current case cut sets can be modified with the cut set editor. Changes made to cut
sets with the cut set editor are implemented automatically (no cut set update is
necessary).

2.3 Generating Event Data

Generate option transfers base case data to the current case (after making changes specified in
any marked change sets). SAPHIRE always uses current case data for analysis. If the base
case data is changed and the Generate option is not performed, the data that is used for the
analysis will not reflect the changes.

Logic Models
and Graphics

/ Base Case ‘Current Case:

Results Results

................................ "GENERATE Event Data"
Event Data Event Data

< 4 @ @ ~~ -

Change Sets
and Flag Sets

Change Sets (Definition)

Change Sets are a user-defined set of changes that will be applied to the base case data when
event data is transferred to the current case (via the Generate option). Multiple change sets can
be defined and applied singly or in combination.
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Logic Models
and Graphics

/ Base Case" ‘Current Case)

................................ ”App."ya Change Set”

Event Data DG-A = 2.0E-2 DG-A = Event Data

g o

Change Sets
and Flag Sets

2.4 Rules for Creating and Using Change Sets

¢ No limit to the number of change sets that can be added to the data base

¢ Change set name is limited to 24 characters, the description is limited to 60 characters
¢ A change set can contain one class change and unlimited individual probability changes.
¢ Multiple change sets can be used in combination to create different sensitivity studies.

EXAMPLE: Two change sets are developed. The first is named AL and sets all valves to
failed. The second is named (B[ and sets all pumps to failed. The possible
scenarios are

Change set(s) that are marked Sensitivity case
None Original base case analysis
A Valves failed
B Pumps failed
A and B Both valves and pumps failed
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¢ The order of Imarkingll a change set is important. (Change sets are marked by double-
clicking the line containing the change set.)

¢

O The first selected change set will be the first one that is applied

O Later changes will overwrite earlier ones if there is any overlap

o Within a change set, individual probability changes will overwrite a class change
¢ Base case data and changes made to the current case can be viewed by using the

Generate = Report option.

o Unaffected events (those events not modified by a change set)
o Affected events (those events which are modified by a change set)
o All events (the current probability for all events)

Class Changes

Class changes use a basic event attribute to search for a class of basic events to which the
defined change applies

- The search criteria are defined first
- The change to be applied is then defined

Single (a.k.a. Probability) Changes

Single changes only modify individual, user-identified basic events

- The desired basic event is selected
- The changes to the basic event are then defined
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Base Case Update

Base case data and

results are changed by updating the base case. Updating the base

case transfers the current case data or results into the base case.

O Base Case

/ Base Case:
g

"MODIFY Event Tree' Base Cage Updale (Transters Secuente Resulls)
Results i Results
"MODIFY End State” Base Cage Updale (Trangfers: End State Resulis)
Event Data 'GENERATE" Base Case Update (Transfers Change Set Changes) Event Data

results are stored in the data base files as a permanent( record

Logic Models ‘
and Graphics

"MODIFY System” Base Case Update [Transkers Fault Tree Resutis) /CUITTE Nt Case’
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3. MENU STRUCTURE

Section 3 presents a breakdown of the menu structure of SAPHIRE. The menu structure is
shown for the main menu and the associated sub-menus. Accompanying each menu item is a
description of the function for that menu option.

D fesssw Fullfw Evwilime jmmecs frefiui Fodly Seooi Usie Heb

1= 1 1

SAPHIRE

cOR WINDOWS

3.1 The Menu Bar

¢ The SAPHIRE menu bar shows the major options. Shown above is the menu bar and
the graphical tool bar

¢ The currently selected project is shown in the title bar (the DEMO project is shown here).

3.2 File

The File drop-down menu contains the Project options and Exit options.
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¢ Exit leaves the SAPHIRE code.

¢ New Project is used to create a new project.

¢ Open Project is used to change the current data base. The Open Project dialog allows
you to select a project for use as the current data base.

¢ A list of the most recently used projects are also shown under the file menu.

¢ Close Project is used to close the current working project.

3.3 Generate

The Generate dialog is used to update and modify the current case data. This option allows
individual events or a group of events that meet a user-defined search criterion to be modified in
the highlighted change set. By pressing the right-hand mouse button while the Generate dialog
is active, a pop-up menu will appear which allows you to add a change set, modify the name or
description of the highlighted change set, or delete the highlighted change set. Double-clicking
with the left-hand mouse button marks/unmarks the highlighted change set.

3.4 Fault Tree

The Fault Tree option allows you to build, edit and analyze fault tree models. When you select
the Fault Tree option the Fault Tree dialog appears listing all systems in the current project. A
pop-up menu provides various functions, depending on how many, if any, systems are selected.
The pop-up menu allows you to add a fault tree and edit its logic either graphically or by logic
editor. The pop-up menu is also used to generate, quantify, manipulate, and display fault tree
cut sets. This option allows you to view and edit event tree cut sets, to develop and apply cut set
manipulation rules, and plot seismic curves.

3.5 Event Tree

The Event Tree option is used to add new event trees, access the graphical event tree editor,
generate sequence logic, edit top event substitution rules, and edit event tree logic. When you
select the Event Tree option the Event Tree List dialog appears listing all event trees in the
current project.
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3.6 Sequence

The Sequence option is used to generate, quantify, manipulate, and display event tree
sequences. The Sequences dialog allows you to view and edit event tree cut sets, to develop
and apply cut set manipulation rules, and plot seismic curves. This option also allows generation
of sequence logic, editing of top event substitution rules, and editing of event tree graphics
(“ETG) file.

3.7 End State

The End State option is used to gather, analyze, and perform uncertainty analysis on end state
cut sets (covered in Advanced SAPHIRE course). The End State List dialog allows you to report
(to the Viewer or printer) end state cut sets gathered and quantified; importance analysis; and
uncertainty analysis. This option also allows the end states to be viewed and the cut sets to be
edited.

3.8  Modify

The Modify option is used to add, delete, edit, or modify information contained in the data base.
This option allows you to perform those functions described above to the project, event trees,
systems, end states, basic events, attributes, analysis types, gates, histograms, P&IDs, change
sets, and flag sets.

3.9 Report

The Report option is used to display or print data base information reports. This option allows
you to print information for the projects, attributes, basic events, systems, event trees, end states,
sequences, gates, histograms, and user information. The project outputs are description, text,
and statistics. The event tree outputs are logic, initiating events, and cross-reference
information. The system outputs are results, cut sets, logic, importance results, and cross-
reference information. The sequence outputs are results, cut sets, logic, and importance results.
The end state outputs are results, cut sets, importance results, and cross-reference information.
The basic event outputs are information, probability data, uncertainty data, transformation data,
and cross-reference information. The attribute outputs are system types, failure modes, location,
event type, and train. The histogram outputs are summary (type, name, and description) and
probability values. The gate output is cross-reference information. The user information output
is the default constants defined in the constants dialog.

3.10 Utility

The Utility option is used to archive or recover the data base; change default settings for
hardware type, analysis parameters, and graphical output; load or extract files into or from the
current project, or load or extract fault tree and event tree graphics.

3-3



3.11 Lists and Masks

4 List Boxes

Many dialogs in SAPHIRE contain list boxes. In some list boxes, multiple items can be
selected for processing. An item in a list is selected if it his highlighted. There are
various ways to select items from a list.

o

o

¢ Masks

To select a single item, click with the left mouse button on the desired item and
let go of the mouse button.

To select multiple contiguous list items, you can click with the left mouse button
the on first desired item and drag up or down the list to the last desired item and
then let go of the mouse button. Alternately, click the first desired item then,
holding down the Shift key, click the last desired item.

To select multiple non-contiguous items in the list, click several items while
holding down the Control key.

System Mask Mazk Action
IEES“ ’V & |nclude T Exclude

Some dialogs with list boxes provide a “Mask” capability which allows the user to select
items from the list based on matched criteria. Generally, the mask is applied to the name
of the item (e.g. System name or Event Tree name). To use the mask capability,

@

In the mask entry field type the common characters of the names you wish to
match. The wildcard characters, asterisk (*) and question mark (?), can be used
in the mask. The asterisk represents one or more characters that a group has in
common. The question mark represents a single character in that position of the
string that a group has in common.

Click either the Include or Exclude radio button, depending on whether you want
these items included in the selection or excluded from it.

Choose the Apply Mask button. All list items with names matching your mask
will be selected/deselected.

3.12 Pop-up Menus

Many dialogs in SAPHIRE have pop-up menus available. Once the dialog has been called up, invoke the pop-up
menu by pressing the right-hand side mouse button. This is referred to as “clicking the right mouse button”. Pop-up
menus for any one dialog may vary, especially when the dialog contains a multiple-select list box. The options in a
pop-up menu are often dependent upon whether or not, or how many, items are selected.
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4. BUILDING EVENT TREES

Section 4 introduces event tree terminology and SAPHIRE event tree modeling conventions.
You will learn how to enter an event tree into SAPHIRE using the graphical event tree editor and
also how to edit an existing event tree.

4.1 Event Tree Development

Event trees are developed by starting with an initiating event and branching to the right as
various safety functions are questioned for success (up branch) or failure (down branch).

Event trees provide a traceable way to perform the following functions:

¢ Identify accident sequences
¢ |dentify essential safety system functions
¢ Quantify sequence frequencies

Event Tree Development Process

Plant Evaluation System-
familiarization of plant- modeling
damage tasks
states
[ A
k| . 4
Definition of Selection of Evaluation Delineation Identification
safety function initiating * of plant —»of accident » of system failure
22& %00955 events response sequences criteria

Event Tree Definition
Event trees are logical representations of significant plant responses to initiating events with each

sequence resulting in either a safe condition (such as safe shutdown) or an accident condition
(such as core damage).
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4.2 Event Tree Terminology

¢ Initiating Event

An initiating event is an operational occurrence (such as a LOCA or transient) which threatens
fuel safety and may require safety system response to avoid core damage.

¢ Top Event

Safety systems (or human actions) which are intended to respond to the initiating event.

¢ Branching

The branching underneath a top event which indicates success with an up branch and failure
with a down branch.

¢ Pass

When there is no branching beneath a top event, then the top event is not relevant to the
particular sequence.

¢ Sequence

The branching path, from initiating event to endstate, that is a unique combination of system
failures and/or successes.

¢ Endstate

Groups of accident sequences which share certain characteristics that the analyst delineates.
These may be related to ability to perform selected safety functions or timing of functional
failures.

4.3 SAPHIRE Event Tree Conventions

¢ Event Tree Names 0 Event tree names may be up to 24 characters. The
event tree name does not have to be the same as the
initiating event name.

¢ Top Event Names I 24 characters allowed.

Initiating Event 0 Only 1 initiating event allowed per event tree.

¢ OK, @, Success If the endstate column entry is OK, @, or Success, logic
for that sequence will not be developed, and the
sequence will not be analyzed.

<*
—
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¢ Branch 0 SAPHIRE always uses success for the up branch and

failure for the down branch.

¢ Transfer Trees I An event tree can branch to another event tree by using
transfers. You must indicate that a transfer is to be
invoked and specify the transfer event tree file name.
The first top event in the transfer tree is ignored by the

calling tree.

o Do notuse *, ?,\, @, /, or space in naming SAPHIRE event trees or top events.

Example Event Tree

Loss of Offsite i ) )
Power Initisting | Emergency Cooling(Containment Cooling
Event
LOzP EC3 CCS SEQ # EMDSTATE
1 QK
i SMALL-FRELEASE
3 LARGE—RELEASE
4.4 Event Tree Graphics Features Guide
Beginning the editing session
¢ To develop a new event tree
SAPHIRE menu bar; Event Tree
Event Tree List dialog pop-up menu: Add Event Tree
OR
Event Tree 21Xl Enter the event tree name,
5 initiating event name and
Name_ . | nitar_[L0SP [ provide any event tree
Desaiaien description then press Ok.

ak. | Caniel |
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Event Tree List dialog pop-up menu: Edit Graphics
Event Tree Editor menu bar: File =» New (Now proceed as discussed below.)

Event Tree List dialog pop-up menu: Edit Graphics

Enter Initiating Event or Top Name E o
Enter the initiating event

Mame———— ~ Description Add na_me_ and select the

I o] |n|t|at|ng Event check box.
(If creating a transfer tree,
you may deselect the check
¥ lritiatirig Event r box when the first event is
not an initiating event.)

Done

Enter Event Name 1 x]| Continue by specifying top

event names (from left to
Mame——— [~ Description Add right on your event tree).

“ =] When you have entered all

Done the top events, choose

Done on a blank Enter

=it Evert | Event Name # dialog.

¢ To edit an existing file
SAPHIRE menu bar: Event Tree
Event Tree List dialog: Highlight the desired event tree name.
Event Tree List dialog pop-up menu: Edit Graphics

Editing event tree branches

¢ To add branches to event trees
Select the branch point then add a branch by either
Event Tree Editor menu bar: Edit = Add Branch Above,

OR Choose the Add Branch Above button on the tool bar
A new branch will appear in the tree above the selected branch.

¢ To delete an unwanted branch
Use the mouse to select the unwanted branch
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Event Tree Editor menu bar: Edit = Delete
Editing top events

¢ To add a top event

TOP
Choose the Top object button from the button bar. The cursor will change

to the Top cursor

Move the cursor to the top in the header that will follow the top you are adding.
To add a top after the rightmost top, move the cursor to the right of the last top.

Click the mouse. The Edit Event dialog will be displayed

¢ To delete a top event

Select the top using the Pick @ cursor.
Choose Delete from the Edit menu or press the Delete key
¢ To modify top event

Select the top using the Pick @ cursor.
Right-click. The Edit Event dialog will be displayed

The Edit Event Dialog

This dialog is displayed any time a top is added or modified.

EdtEvet ______HE
Mame———— Drescription

ﬁ- Ermnergency Coaling N
= [ itiatinig Event _I

— Top Attnbutes

MARME dizplay width I'IE— characters  Mame Font
DESCRIPTION dizplay height |3 lines Desc Font
Top Background Colar I- Grayp j

— Page Attributes

Backaround Color I- Blue j

Line Colar I- Fed j

Highlahted Seguence [Ealor I- Black j

Leaf Height [0

k. Cancel
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Name - The name of the top. Maximum of 24 alphanumeric characters.

Description - Brief description of the top. Maximum of 600 alphanumeric upper- can lowercase
characters.

Initiating Event - Select this check box if the top is an initiating event. (Only enabled on the first
or leftmost top.)

Top Attributes
Display Name Count - The number of characters of every top name to display.
Description Lines - The number of lines of every description to display.
Name Font - The font size of every top event name in true fonts.
Description Font - The font size of every top event description in true fonts.
Top Background Color — The background color for the top header.
Page Attributes
Background Color - The background color for the event tree screen.
Line Color — The branch line color.
Leaf Height — The branch spacing in true font size.
OK - Apply the addition of or modifications to the top and close the Edit Event dialog.
Cancel - Close the Edit Event dialog without applying the addition of or modifications to the top.

Editing/Adding Endstates

¢ To modify sequence columns (or turn on endstate and sequence headers)

Choose the Pick button @ .

Position the Pick cursor @_TJ over the sequence header field.

Right-click. The Edit Sequence Header dialog will be displayed (see figure
below).

¢ To enter either endstate names or sequence names

Select the desired sequence branch using the Pick @ cursor left-click.
Right-click. The Edit Sequence dialog will be displayed.

¢ To move a header on the graphic (for example, to shift the endstate column to the left)

=

Choose the Pick button @ .

Position the Pick cursor @_TJ over line to the left of the desired column.
The cursor will change to the Header cursor <> .
Drag the mouse to the desired location. The cursor will change to the Move
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Column cursor H .

Release the mouse and the column will be moved to the new location.

Edit Sequence Header Dialog

Change the sequence information column header in the diagram.

Edit Sequence Header

]|

™ First I_ ¥ Third
¥ Second IEND-ST.-’-‘-.TE [ Fourth

IFHED
IEKT Ra-#1

— Page Attnbutes

Background Colar I- Elue j
Lire Color I- Red j
Hratilighted Sequetse Ealar I- Black. j
Leaf Height ET

k. Cancel

First - The sequence header. Maximum 24 alphanumeric characters. This column will always
contain the sequence names. Select the check box to the left of this field to display this

column.

Second - The sequence end state header. Maximum 24 alphanumeric characters. This column
will always contain the end state or transfer tree names. Select the check box to the left

of this field to display this column.

Third - The header for the third sequence column. Maximum 24 alphanumeric characters. This
can be used for whatever information you wish, however, options exist elsewhere in the
program that will put the frequency of this sequence in this column. Select the check

box to the left of this field to display this column.

Fourth - Extra information for the sequence. Maximum 24 alphanumeric characters. This can
be used for whatever information you wish. Select the check box to the left of this field to

display this column.

OK - Close the Edit Sequence Header dialog and apply the changes the diagram.
Cancel - Close the Edit Sequence Header dialog without applying the changes to the diagram.
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Edit Sequence Dialog

Each sequence path has some additional information that can help define it. This information
includes the name of the sequence, the end state of this sequence, its frequency, and a user
defined field. If the sequence continues through another event tree then the end state is the
name of the transfer tree. You have an option to display this additional information and change
its location.

Edit Sequence |

¥ Sequence Il PFrequenc_l,ll
M End State IDK [¥ Extra #12 I

[ Transfer Font |

— Page Attributes
Background Calar |- Elua j
Line Calar I- Fed j
Highliahted & equense Bl I- Black j
Leaf Height [20—

k. Cancel

Sequence - The name of the sequence. Maximum of 24 alphanumeric characters. Select the
check box to the left of this field to display this column.

End State - The name of the sequence end state. Maximum of 24 alphanumeric characters.
Select the check box to the left of this field to display this column.

Frequency - Extra information column #1 for the sequence. Can contain the frequency for the
sequence. Maximum 24 alphanumeric characters. Select the check box to the left of this field
to display this column.

Extra #2 - Extra information column #2 for the sequence. Maximum 24 alphanumeric
characters. Select the check box to the left of this field to display this column.

Transfer - Check this box if the sequence continues in another event tree. The end state field
contains the name of the transfer event tree.

Font - The font of the information text.
OK - Close the Edit Sequence dialog and apply the changes the diagram.
Cancel - Close the Edit Sequence dialog without applying the changes to the diagram.
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Display adjustment

¢ To change the view of the event tree
From the Event Tree Editor menu bar select View = Zoom.
OR

Select the Zoom button ﬂ from the button bar.
OR
Press the Ctrl+Z key combination.

p—

The cursor is changed to the Zoom cursor ~H
Move the cursor to the desired location.
To zoom in or magnify the diagram by 40%:
Click the mouse. The diagram will magnified by 40%.
To zoom out or reduce the diagram by 40%:
Right-click the mouse. The diagram will be reduced by 40%.

O Use the scroll bars to change the portion of the diagram displayed in the window.

¢ To redraw the diagram
Event Tree Editor menu bar select View = Refresh.

Entering descriptive text

¢ To enter text (for a title or other description)

T

Choose the Text object from the tool bar. The cursor will change to the

+
Text cursor T )
Position the text cursor at the desired location.
Click the mouse. The Edit Text dialog will be displayed.

¢ To move text

Select the desired text using the Text Pick cursor — 7 .
Drag the text to the new location.

¢ To modify existing text and attributes

Select the desired text using the Text Pick cursor — ' .
Right-click. The Edit Text dialog will be displayed.
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Edit Text ]|
— Tent

[Loss of Offsie Powed

— Harizontal Justification
= Left " Center " Righ

Fant | ] Cancel

Text - Descriptive text for the event tree. Maximum of 600 alphanumeric upper- and lowercase
characters.

Horizontal Justification - Set the horizontal alignment of the text.

Font - Choose the font to display this text in.

OK - Close the Edit Text dialog and add or modify the text in the diagram.

Cancel - Close the Edit Text dialog without adding or modifying the text in the diagram.

Ending the editing session

¢ To save the event tree

Event Tree Editor menu bar: File = Save,
)

OR Choose the Save Diagram button on the tool bar
Name the event tree file as directed.

Save Event Tree

Save in: I _ 4 demo

Lozp.etg

POWER. etg

Flopane: | I
Save az type: I Ewvent Tree Files<*ETG> j Cancel |
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¢ To exit without saving
Event Tree Editor menu bar: File = Exit
Choose No to quit without saving.
Caution |

0 Save changes to curent drawing?
Hao | Eancell

4-11



5. BUILDING FAULT TREES

Section 5 introduces fault tree development, SAPHIRE fault tree symbols, and SAPHIRE fault

tree modeling conventions. You will learn how to enter and edit fault trees by using the fault tree

text editor and the graphical fault tree editor.

¢ Define the process of fault tree development and important terminology.
¢ Explain the various fault tree symbols used in SAPHIRE

¢ Using the fault tree graphics editor in SAPHIRE, construct a fault tree.

¢ Using the fault tree text editor in SAPHIRE, construct and edit a fault tree.

5.1 Fault Tree Development

Definition: Fault tree analysis is a deductive failure analysis method which focuses on

identifying all of the credible ways that can cause an undesired event to occur.

The undesired event is stated at the top of the fault tree. The fault tree gates
specify the logical combinations of basic events that lead to the top event.
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Fault Tree Development Proce:

Event Tree

Top Event

Develop and update analysis notebook

al A N

Define top Define system Develop Construct
fault tree event—Jm and interfaces—3 analysis RN onstruc

assumptions fault tree
and constraints
5.2 Basic Event Symbols
Basic Event Boxed Basic Event Table of Basic Events
Undeveloped Event House Event Undeveloped Transfer

> 0 -

¢ Basic Event

A basic event represents a fault such as a hardware failure, human error,
or an adverse condition. The circle signifies that the fault event does not
require further development.

5-2



Boxed Basic Event

that provides a box to contain the description of the basic

Table of

event.

Basic Events

Takle-name

Basic-event-1
Basicevent-2
Baszicevent-3

is dictated by the gate it is connected to in the fault tree.

14

¢

Undeveloped Event

The undeveloped event denotes a basic event that is actually a
more complex event that has not been further developed by fault
tree logic. SAPHIRE treats this event no differently than a basic
event.

House Event

The house event is used to denote a failure that is guaranteed to always
occur or never to occur. However, the calculation type assigned to a basic
event establishes whether or not an event is a house event. Consequently
any basic event in SAPHIRE can be made into a house event.

Basic Event Descriptiop An alternate symbol for a basic event is a boxed basic event

The table of basic events symbol allows up to 8 basic events to
be entered in a space-saving layout. The logic used by the table

)
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¢ Undeveloped Transfer

The undeveloped transfer indicates that the event is complex enough
to have its own fault tree logic developed elsewhere; however, the

event has been treated as a basic event in the present fault tree.

5.3 Logic Gate Symbols

s Ly =

AND Gate OR Gate N/M Gate

A=

NOT AND NOT OR (NOR)  Rightand Left
(NAND ) Gate Gate Transfer

¢ AND Gate

5-4
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Transfer Gate Inhibit Gate
- - o
Vertical and Connecting

Horizontal Boxes Lines

All inputs to the AND gate must occur for failure to occur.



¢ OR Gate

Any one input to the OR gate will cause failure to occur.

¢ N/M Gate

This gate states that N of the M input events must occur for failure
to occur. For a 2/3 gate, any combination of 2 of the 3 input

events must occur.
2 @ 3

¢ Transfer Gate

This gate is used to link logic structures together without
introducing any new logic of its own. The transfer gate indicates
that logic is continued on a new page (or on the same page). The
transfer gate name is the same as the gate where the logic
continues, and when transferring to another page (a separate fault

tree file), the gate being transferred to must be the top gate on the
page. (The top gate name of a fault tree must always be the fault

tree filename.)

¢ Inhibit Gate

| The output occurs if the single input fault occurs in the presence of
an enabling condition. Thus, the inhibit gate is a special type of
AND gate. The enabling condition (or conditioning event) is

. treated simply as a basic event with a probability or as a house
Ewvent
event.
Gate
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¢

NOT AND (NAND) Gate

The output occurs if any one of the inputs does not occur. (See
example.)

¢

NAND Gate Example

¢

NOT OR (NOR) Gate

The output occurs if none of the inputs occur. (See example.)
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¢ NOR Gate Example

Equals ]

A
5o0 O

¢ Right Transfer and Left Transfer

AS

These symbols are used to indicate where a transfer has taken place.

¢ Vertical and Horizontal Boxes

‘ A vertical or horizontal box is provided to allow further descriptive
‘ information to be placed in the diagram. SAPHIRE ignores these
boxes when processing the fault tree.

¢ Connecting Lines

Connecting lines can be solid or dashed, or a dotted/dashed line.
Connecting lines can be drawn at any angle. The connecting lines
must actually touch the symbols being connected at the input or output
stem on the symbol.
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5.4 SAPHIRE Fault Tree Conventions

¢ Fault Tree File Name

The fault tree name must be the same as the top gate name. The fault tree name can be 24
characters long.

¢ Fault Tree Gates

24 characters allowed.

¢ Basic Event Names

24 characters allowed.

¢ Top Gates

A fault tree "page" or file can have only one top gate.

¢ SAPHIRE Default Naming

SAPHIRE will automatically assign basic event names (EVENTN) and gate names (GATEn);
however, the user may replace the default name. These defaults may changed on the
Preferences dialog.

¢ Transfer Fault Trees

A fault tree can transfer to another fault tree by using transfer gates. The transfer gate name
specifies the gate to transfer to. The transfer gate name must be the same as the gate name
being transferred to. The gate being transferred to must either (1) be on the same page or (2) be
the top gate of a separate fault tree file.

¢ Complemented Events

Complemented events can be input into fault trees by entering the basic event name with the "/
symbol, e.g., /DG-A.

o Do notuse *, ?,\, @, /, or space in the naming SAPHIRE fault trees or basic
events. Note that the “/” symbol is used to denote an complemented event.
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5.5 Example Fault Tree

Containment Cooling Fault Tree

Top Gate 777777 > ShRAY WATER INTO
T
CCS
| |
— | NowATER TO BRTH PUMP TRAIMS
.1 THE PUMP TRAIN FAIL TO INJECT
zate Text -
CCESUPPLY CCE-TRAN -

I -

C-MOWE FAILS SUpRTY -
TO OPEN to thg injection

Transfer Gate

C-hA0N1-FAILS
[ | .
CCS SUCTION | EBMERGENCY DIEREL _
SOLATION WALYE GEMERATOR B . Basic BEvents
C-hADN

DG-B

This gate transfers to CCS fault tree BCWLWTS
(Note the same name as the transfer gate) [t BJECT

CCE-TRAN
I |
TS TREM & TCS TREMHE
FILS TO SUPPL FRILS TO SUPPL
FIERIT PR
T ST
CCS TRAIN-A CCS-TRAIN-B
I | | |
TS TREN X TS TREN X EVERGENCY DIESEL  [CCS TRENE T
PUMP DISCHRAGE ~ PUMP DISCHARGE  hLEMERATOR A MOTOR-DRIVER S
LHI:@LVI:

C-ChEA

-0t

|SUL.&®.&.L E O @ =M

OG-A

C-PLUMP-A
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5.6 Fault Tree Logic Editor

The SAPHIRE fault tree logic editor allows you to modify the logic of a SAPHIRE fault tree
(system or subsystem). Fault tree gate descriptions can be entered from this editor as well as
basic event descriptions and data. The fault tree logic editor is a convenient tool for quickly
editing fault tree logic and entering gate and basic event data.

The logic format for representing the fault tree logic is as follows:
¢ Gates are listed on the left side of the screen.

¢ The type of gate (OR-gate, AND-gate, etc.) is specified to the right of the gate
name.

¢ The gate inputs (basic events or gates) are listed to the right of the gate type.

Interpreting Fault Tree Logic Format

Containment CDOII”Q Fault Tree FAULT TREE LO

Cate MName Type
CCE on
CCE-SUPPLY fe=}
C-MoYWV-1-FATLE OR

I | CCS5—-TRAM TRAN

WO WBTERTD THE
RUNR TRams | D0 JH PLME TRANSFAIL

CoS-S{IRRLY CEE-TRAN
: ?IIET![‘DTWTU THE
C-MO-1
FAILSTO OPEN IN Eﬂg\;ﬂgﬁ_’éﬂgﬂmlm
C-Moy-1F AL
TaHK
I ]
CiC= SUCTION | Eluens ENCY nlEE‘ EL
O LATION WaLVE GENERATOR 8
C-M0-1 (gt
New logic editor...
- # CCS OR  CCS Fails to Spray W ater inta the Cantainment
-y CCS-SUPPLY OR  Mo'wWater ta the Pump Trainz
(7 tank BE  RWST supply to the injection and cooling spstems
5-10 -y C-MOv-1-FAILS OR C-MOY-1 Fails to Open

) cmov-1 BE CCS suction izolation valve
() dgb BE  Emergency diesel generatar B
A& CCS-TRAINS TRAN Both Pump Trainz Fail to Inject
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The

System Logic Editor

Fault Trees List - [DEMO-JIM] EE
Analyziz Type
Total # 2 Marked # 1 [ Show Sub-Trees
IH&NDDM "I
ECS ECS Fails to Inject “Water into the Reactar Wessel

4] | .

Fault Tree kask b azk. Action
Ix— ’7 ) [hclude. £ Exclide &pply Mask Exit |

0 Select the Fault Tree = Edit Logic option.

0 When you select this option, the Systems List dialog is displayed. The systems are
shown in the list box. To display both systems and subsystems, select the Sub-systems
check box. (Deselecting the Sub-systems check box will toggle the list so that only
systems are displayed.)

0 To edit a system, highlight the system and select Edit Logic from the pop-up menu.
(Right-click to invoke the pop-up menu.)

0 Systems are added to the database by adding tops to an event tree, by using Modify =

Systems > Add, or by Fault Tree =» Add Fault Tree to include the system.
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The Logic Editor Display Screen

Edit Fault Tree Logic - [DEMO-JIM_ CCS)

=

CCS-SUPPLY OR MOWATER TO THE PUMF TRAINS

() tank BE RwST Fails to Supply W ater

oy C-MOW-1-FAILS OR C-MOY-1 FAILS TO OPEN
L@ comow-l BE CCS SUCTION ISOLATIOM WALWE
i dg-b BEE EMERGEMCY DIESEL GEMERATORE

i CCS-TAAM TAAM BOTH PUMP TRAINS FAIL TO INJECT

Ok I LCancel I

The logic editor uses a hierarchical approach to editing the fault tree

The logic can be expanded by pressing + or collapsed by pressing the -.

To modify a basic event (or gate), highlight the gate it inputs to (click the right mouse)

and select modify.

Edit
Mame [cCs-SUPPLY Type ||:|r -]
D escription IND WwWATER TO THE PURP TRAIMS
Inputs
T E. 1.000E+000 RS T Failz to Supply A ater
C-tA0%-1-FAILS oR C-rOv-1 FAILS TO OFEM
il [
Add Ewvent I Edit I Complement I
Add Gate I Delete I Toggle Type I Ok I Cancel I
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I Highlight the basic event (or gate) and select Edit. Then modify its name, description, or
probability.

Modify Event | 2] I

Ewvent I Attributes I Proceszs Flag I Template I Tranzsfarmations I Uncertainty I

Ewent Mames

Primany I- Alternate IT,.-:-,.NK

Dezcription IFE'W'ST Failz ko Supply W ater

R andom Failure Data Uncertainty Data
Twpe |1 : Probability =] T¥re |Use point valus =l
tearn Failure Probability 1.000E-007
Lambda +0000E+0OOO ) [ E-—
Tau +0000E<000 | [ E
kizzion Time +0.000E+000 | | Correlation Class |

Ok I Cancel

I To add a gate (or basic event), highlight the gate it inputs to (click the right mouse) and
select modify.

I Select the Add Gate option and type in the name of the new gate along with its type and
description.

1|
Name [cCs HEw - Type [ERE |

D ezcription IThis iz a new Gate

Ok LCancel |
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The following provides a list of the options available for adding or modifying both basic events or

gates.

Add Event — Add event is used to add a new basic event as an input to the gate. This
option allows for the basic event’s description to be added along with its probability.

Add Gate — Add gate is used to add a new gate as an input to the gate highlighted. This
option also allows for the gate’s description to be added.

Edit — The edit option allows you to change a basic events name, description, and
probability and change a gate’s name, type, or description depending on which type of
event is highlighted.

Delete — The delete option will delete the highlighted basic event or gate.

Complement — The complement option will complement any basic event that is
highlighted.

Toggle Type — Toggle type will toggle the event highlighted between a basic event or a
gate.

Ok - Close the Modify (Edit) fault tree dialog and apply the changes.
Cancel - Close the Modify (Edit) fault tree dialog without applying the changes.

Other Features of the Logic Editor

Find Option

I The find option searches the fault tree logic to find the specified basic event or gate.

I To find a basic event or gate (right click the mouse) and select Find. Type in the name
of the gate or basic event and check the box if the search is for a gate and uncheck the
box if the search is for a basic event. Press Find.

Find HE|
Name  |EEDNEERAILS
Find Gate [
Eind Cancel |
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Move Option

0 The move option will move a gate and its logic from its original input gate to another
selected gate.

0 To move a gate highlight the gate (right click the mouse), select move and place cursor
by the new gate and click the left mouse button. The gate and its associated logic will
now be placed as an input to the new gate.

Transfer Option

0 The transfer option transfers from the fault tree currently being edited to the fault tree
specified by the transfer gate.

I To transfer from one fault tree to another highlight the transfer gate (right click the
mouse) then select Follow Transfer.

0 To transfer back, highlight the transfer gate (right click the mouse) then select Transfer
Back.

5.7 Updating the Graphical Fault Tree (.DLS) File

After changes are made to fault tree logic using the Logic Editor, when you press Ok a dialog
box will ask if you what to save the fault tree logic as a graphic file. At this point you can check
the box and a graphic file will automatically be created. Or secondly, use the Utility = Fault
Tree = Alpha-to-Graphics conversion to update the fault tree graphical file. (You do not have
to update the graphical file in order to perform analyses with the updated logic; however, to keep
the fault tree logic and the fault tree graphic identical, you must perform the Alpha-to-Graphics
conversion.)

Save Graphics EH |

[T Use Tables
¥ Boxed Basic Ever

ok LCancel
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5.8 Fault Tree Editor Tips

¢ New fault tree "systems" cannot be added using the logic editor. Systems can be added
by saving the new fault tree in the Fault Tree graphical editor, by entering the fault tree
name as the top event in an event tree, or by adding it in Modify = Fault Trees, or by
adding it in Fault Trees = Add Fault Trees. Subtrees are added in the editor when
the Transfer gate type is used.

¢ The fault tree logic editor does not allow the user to save the edited fault tree with a new
fault tree name. The top gate in the fault tree should match the fault tree name.

¢ It is not yet possible to retain special symbols that may be used with the graphical editor.
Special basic event symbols (such as the undeveloped event and house event) will be
changed to either round basic events or boxed basic events when the Alpha-to-Graphics
conversion of fault tree logic from text is used to update the graphical file.

5.9 Fault Tree Graphics Features Guide

Beginning The Editing Session

¢ To develop a new fault tree
SAPHIRE menu bar: Fault Trees
Fault Tree List dialog pop-up menu: Edit Graphics
Fault Tree Editor menu bar: File > New

or
SAPHIRE menu bar: Fault Trees
Fault Tree List dialog pop-up menu: Add Fault Trees
¢ If you wish to edit an existing file while in the graphic editor

Fault Tree Editor menu bar: File = Open
OR Choose the Open Diagram [__%1l button on the tool bar.
Doutble-click on the fault tree filename you wish to edit.

Selecting and Arranging Logic Symbols

¢ To begin building a fault tree
Select the desired object button from the tool bar.

Then move the shape cursor to the desired location with the mouse and click the
left mouse button.

Use the right mouse button to end the selection or menu option.
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¢ To select objects

Choose the Pick button @ to select a single object

Choose the Text Pick button @ to select a text object.

Then click on the desired object.
A dashed line will appear surrounding the selected object(s).

¢ To delete unwanted objects
Select the object to be deleted (click on the shape with the left mouse button)
Fault Tree Editor menu bar: Edit = Delete
OR Choose the Delete key.

¢ To move symbols (and their associated text, if any)
Select the object to be moved
Drag the object to the desired location.

Naming Gates And Basic Events

¢ To rename logic or basic event symbols
Select the desired shape
Fault Tree Editor menu bar: Edit = Attributes
OR right-click and choose Edit,

5-18



Shape Definition I

Font I
M ame I-
— Description
Auko \wrap I &I T et Justification
ECS F@ils to lnject - Harizontal “ertical
A ater into the  Lef T
Feactor Wessel Sl ar
= Center = rdiddle
5 _,l_l = Right B st e

— Attributes

Type I|II o j

Shape Il cn-= -

Line I- b aroon vI
DE. I Cancel |

Then make desired changes.

¢ To view the current name of a gate or basic event
Fault Tree Editor menu bar: View - Preferences
OR right-click and choose Edit Preferences,

Proforoncos |
— Shape Mamesz
Gate I- Ewent |E'\IENT

— Shape Attributes

M arne Fl:untl Fill Calor I- Blue j Outline Color I- b aroci j

— Line Attributes

Stule
' Solid

" Dashed = === " Dotted sesesm | Line Color |- Black j

— Tewt Attributes

Honzontal Wertical
Te=t Font | " Left & Center 1 Right = Top O Middle £ Biathom
Other
’7 ¥ Show names W Show text [ Show grid B ackground I- Gray j

Ok Cancel |

Check the Show Name check box and choose the OK button.
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Connecting Symbols With Lines

L4

To link gates and basic events together

Select the Line button LLine
to the ending location.

N

from the tool bar. Drag from the starting location

(Note: if you move symbols after connecting with lines, you may need to redraw
the lines unless the lines were moved with the symbols.)

Changing Symbol Type

L4

To change a symbol (e.g., to change a basic event to an undeveloped transfer)
Select the shape

Fault Tree Editor menu bar; Edit = Attributes
Shape Definition

=]

Marne |TANK

Font |

— Dezcription

Aukn Wwfrap |

Font |

Text Justification

IE Boxed Evenj
IE Right Tranz

EWS|T xi?ils to ﬂ Horizartal Vertical
UpPly W ater i Left = iap
% Center " piddle
q LIJ " Right (=B ottam
— Attributes
Type

Shape
Left Tranz
Line
IE nd. Trans ™
0k, Cancel

Choose the Type button.

Select the new shape type from the list.
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Display Adjustment

¢ To change the view of the event tree
Fault Tree Editor menu bar: View

Zoom allows you to zoom in.
Page Up allows you to move up one page.
Page Down allows you to move down one page.
Page Left allows you to move left one page.
Page Right allows you to move right one page.
View Normal resets the screen.

¢ To redraw the window
Fault Tree Editor menu bar: View => Refresh

Entering Descriptive Text

¢ To enter text (for a title or other description)

Choose the Text O+bject button T from the tool bar. The cursor will change

to the Text cursor T
Position the text cursor at the desired location.
Click the mouse. The Text Attributes dialog will be displayed.

¢ To move the associated symbol only

Choose the Pick button @ from the tool bar. The cursor will change to the

Pick cursor — 7},

¢ To move text only

Choose the Text Pick button @ from the tool bar. The cursor will change to

the Text Pick cursor —r .
Select the desired text.
Drag the selected text to the new location.

¢ To change existing text and attributes

Select the desired text using the Text Pick cursor
Right-click and choose Edit. The Text Attributes dialog will be displayed.
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Text Attributes |

— Text

I o

Ok

4 Ny

— Harizontal Justification
" Left %' Center " Fight

Cancel

—Wertical Justification
B tiom " Middle & Tiop

Text - Descriptive text for a shape or explanatory text for the entire fault tree. Maximum of 600
alphanumeric upper- and lowercase characters.

Justification
Horizontal - The horizontal alignment of the text.
Vertical - The vertical alignment of the text.
Text Font - The font size or type for the text and the color of the text.
OK - Close the Text Attributes dialog and add the input text to the diagram.
Cancel - Close the Text Attributes dialog without adding the text to the diagram.

Ending The Editing Session

¢ To save the fault tree graphic
Fault Tree Editor menu bar: File = Save,

-
OR Choose the Save Diagram button _¥8| on the tool bar
Name the fault tree file as directed.
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EE|

Save Fault Tree

Save in: I_-Ju:lemcu j ﬁl

Afwo.dls
Ces.dls
Ces-tran.dls
Ecs.dls

Flopane: | [ s |
Save az type: IFauIt Tree Fileg<* DLS > j Cancel |

¢ To exit without saving
Event Tree Editor menu bar:; File = Exit

Choose No to quit without saving.
Caution |

0 Save changes to curent drawing?
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6. BASIC EVENT INFORMATION

Section 6 introduces SAPHIRE basic event data entry and basic event probability calculation
types .

¢ Explain the various basic event data fields used in SAPHIRE.

¢ Provide definitions for basic event information terminology.

¢ Explain the seven basic event calculation types available in SAPHIRE.

¢ SAPHIRE provides four different “event” categories, define each of them.
¢ Using the Modify option in SAPHIRE, enter component basic event data.

6.1 Modify Basic Events

0 To enter basic event data, select Modify from the menu. Then select Basic Events.

Edit Events - [DEMO) |

Hame Dezcription
<FALSE > System Generated Success Event ;l
<IMIT> System Generated |nitiating Event _I
<PASS> System Generated |gnore Event
<TRUE: Suztemn Generated Failure Event
CCS Train A& pump dizcharge check, valyve
C-Cv-B CCS Train B pump discharge check valve
C-t0-1 CCS zuction izolation walve
C-0W A CCS Train A pump dizcharge izolation walve
C-M0O-B CCS Train B pump discharge izolation walve
C-PLIRMP-, CCS Train A matar-driven pump
C-FUMP-B CCS Train B motor-driven pump
CCS CCS FAILS TO SPRAY WATER INTO THE COMTAINMENT
OG-8 Ermergency diesel generatar &,
DE-B Emergency diezel generator B ;l

Right Click far bMenu Optionz.

Crozz-Reference Remove Unused Exit |

0 To modify data for an existing event, double-click on the event you want to edit.
0 To add a new event, right-click to invoke the pop-up menu and select the Add
option.
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6.1.1 Basic Event Data Fields

Modify Event [ 2] |

Event | Attributes I Procesz Flag I Template I Transfarmations I nicertainty I

Ewvent Mamesz

Prirnary I-

Alternate ||:.|j-,.f.,.-:-.,

Description IEES TRAIM & PUMP DISCHARGE CHECK. ValvE

R andom Failure Data

rcertainty Data

Type |1 : Probability =] T#ee |L: Log Nomal =l
Mean Failure Frobability 1.000E -004

Larmbda eo.000E +onn | | Error Factar ENne
Tau [+0.000E+000. E—
Mizgion Time [+0.000E+000 | Correlation Class |1_

o |

Cancel

Primary Name

The Primary name is the fundamental name used in the fault trees and event trees. A unique
Primary name must be specified for every basic event in the logic models. A maximum of 24
uppercase, alphanumeric characters may be entered. Embedded blanks are not allowed. The
name should be descriptive so it can be readily identified.

Alternate Name

The Alternate name, which can be different than the Primary name, can be used to report cut set
results by selecting Alternate name in the Define Constants option. This feature allows cut sets
to be reported using a different naming scheme that is more descriptive. A maximum of 24
uppercase, alphanumeric characters may be entered in this field. Embedded blanks are not

allowed.
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Description

This is a 60-character, uppercase or lowercase, alphanumeric field that provides brief, descriptive
information.

Calculation Types

In the Failure Data section the calculation type is a numerical reference to the calculation method
to be used. There are 17 calculation types numbered 1 through 9, T, F, I, S, G, L, M, and H.
Choose the desired calculation type from the drop-down list.

An equation for each calculation type follows. See the symbol table for more details.

1 P=p.
The value specified in the Probability field is directly used as the basic event failure
probability or initiating event frequency

2 This calculation type uses Calculation Type 3, below.

3 P=1-Exp (-L *tm).
This calculation type is the full equation for the failure probability of an operating
component without repair in a non-demand failure mode.

4 This calculation type uses Calculation Type 5, below.

5 P=(L*T]/[1+{L*T*(1-EXP[-(L+1/T)*tm]).
This calculation type is the full equation for the failure probability of an operating
component with consideration given to the ability to repair the component.

6 This calculation type uses Calculation Type 7, below.

7 P=1+(EXP-L*T]-1)/(L*T).
This calculation type is the full equation for the failure probability of a standby component
in a non-demand failure mode with consideration given to periodic testing.

T P =1.0 (House event - failed).

This calculation type indicates that the basic event is to be treated as a house event that
is always failed. A house event never appears in the minimal cut sets. The model is
modified to reflect the logic, given that the indicated basic event is always failed. To do
this for an event that is guaranteed to occur (failure probability = 1.0), the event is
removed from the logic where it appears as an input to an AND gate. If the basic event
is input to an OR gate, the entire gate and its inputs are removed from the logic. The
resulting minimal cut sets show the failure combinations that must occur for top event or
sequence failure given that the indicated basic event is always failed.

F P =0.0 (house event - successful).

This calculation type indicates that the basic event is to be treated as a house event that
is never failed. A house event never appears in the minimal cut sets. The model is
modified to reflect the logic given that the indicated basic event is never failed. To do
this for an event that is guaranteed successful, the basic event is removed from the logic
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where it appears as an input to an OR gate. If the basic event is input to an AND gate,
the entire gate and its inputs are removed from the logic. The resulting minimal cut sets
show the failure combinations that must occur for top event or sequence failure given
that the indicated basic event can never fail.

P =0.0 (ignore event).
This calculation type indicates that the basic event is to be treated as if it did not exist in

the logic for the fault tree. Before the tree is solved, the logic is edited to remove all
references to the specified event from the fault tree.

P =0.0 (find a system with the same name and use its current mincut
upperbound as the probability)

This calculation type indicates that the basic event is to replace its matching system. If
no matching system exists, the probability will be set to 0.0.

P = ®[In(g/a)/Br].

This calculation type indicates that the basic event is to be treated as a seismic event.
The probability value for screening will be calculated using the ground acceleration,
failure acceleration, and Br entered by the user.

P = ®[In(g/a)/Br].

This calculation type indicates that the basic event is to be treated as a seismic event.
The probability for screening will be calculated from the failure acceleration, Br, and

ground acceleration. The ground acceleration will be the highest g-level specified in the
medium project hazard curve.

Calculation Type Equation Symbols

The following symbols are used in the equations for calculating failure probability:

failure probability of the basic event,

= failure probability,

base case failure probability,

failure rate per hour, input as lambda,

mission time expressed in hours, input as a default,

= average time to repair expressed in hours, input as tau,
standard normal cumulative distribution function,

median killer acceleration (the approximate ground acceleration sufficient to cause the
component to fail),

confidence level that "a" is really the median killer acceleration,
the amount the killer acceleration
natural log

a" can vary

ground acceleration for screening.
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Mean Failure Probability

Enter the probability that a component will fail between t and t + At given that no failure has
occurred before time t (use scientific notation).

Lambda

Enter the event's failure rate per hour (use scientific notation).

Tau

Enter the average time to repair in hours (use scientific notation).

Mission Time

Enter the mission time in hours (use scientific notation). The mission time is the period of time
that a component is required to operate in order to characterize the component operation as
being successful.

An example would be for a pump that must run for 24 hours after a particular initiating event
occurs. The mission time for this case would be 24 hours.

Distribution Types

For the Uncertainty Data section, there are eleven predefined distribution types available. The
predefined distribution types are:

normal, lognormal, beta, dirichlet, gamma, chi-squared, exponential, uniform, maximum entrophy,
and seismic.

In addition to these predefined distribution types, user-defined histograms may be used. The
default distribution type is no distribution. Choose the desired distribution type from the drop-
down list.

Value 1

Enter the first parameter of the distribution, if one is required.

Value 2

Enter the second parameter of the distribution, if one is required.
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Correlation Class

Use to account for data dependencies among like events in the database. Enter up to four
uppercase, alphanumeric values. A blank correlation class indicates that there are no data

dependencies. When running the uncertainty analyses, the same sample value will be used for

all basic events with the same correlation class.

SAPHIRE Failure Data Entry Requirements

Calculation Type Mean Failure Probability Lambda* Tau Mission Time
1 v
2,3 v 4
4,5 v v 4
6,7 v v

Notes: *  The units of lambda, tau, and mission time must be the same so that they cancel.
**If no mission time is specified (i.e., the mission time is zero), the default mission time

specified in SAPHIRE Utilities = Define Constants will be used.
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6.1.2 Basic Event Attributes
ModtyEvet @M

Event = Attributes | Frocess Flagl Templatel Transfnrmatinnsl Llncertaint_l,ll

Ewent IE-E"\-’-"-"-

Comp I I— Type E"J_ —:USdDEDthIhtIES _—
S - ) andam W =l )
_I,Is.em CCS Fail tode |41 Fire [ User?
Train Location  |F<1 Flaod T User?

S eismic [ Userd

Categary IEeneraI purpose event j e B, W W

Condition [T Usef
Resemedd T User?
Resemnvedd [T Usef

o A o o o o

Ok I Cancel

Comp Id

Component Identifier. Enter up to seven (7) alphanumeric characters to identify a component by
a unique designator. This is usually part of the component label (e.g., DG01). No embedded
blanks are allowed.

System

Enter up to three (3) alphanumeric characters to identify the system containing the component.

Train

Enter up to two (2) alphanumeric characters to identify the train containing the component.

Type

Enter the event type attribute.
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Failure Mode

Enter up to two (2) alphanumeric characters to identify the failure mode for the component.

Location

Enter up to three (3) alphanumeric characters to identify the physical location for the component.

Susceptibilities

The susceptibility flags indicate whether or not the event is susceptible to a specific kind of
failure. There are 16 susceptibilities as defined below:

= Random (default)

= Fire

= Flood

= Seismic

Reserved 1 (Initiating Event Assessment)
= Reserved 2 (Condition Assessment)

= Reserved 3

= Reserved 4

-16 = User-defined

O 0O N OO Oor &~ W N —
1

Susceptibility flags must be checked to be considered susceptible to a specific type of failure. All
events are susceptible to random failure regardless of the random flag's value.

Category

Select the from the drop-down list to specify the category or use of the event.
General purpose event - This is the default and is appropriate for must basic events.

" - Initiating event - Any initiating events should be identified with this category designation. The
event tree editor will automatically enter an 'I' when the user specifies that the first event
is an initiating event.

‘H’ - Hazard event - This is a special calculation type assigned to histogram bins for hazard
analysis.

‘R’ - Recovery event - Events with this category designation will be listed in a list of recovery
events used in the Recovery Rules editor
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6.1.3 Basic Event Process Flags

Modify Event E E |

Event I Aftributes  Process Flag | Templatel Transfnrmatinnsl Llncertaintyl

Event  [C-Cv-d
Sequence Top Sequence and Spstem Logic
= BLANK or default % BLANK or Defaul
Failure - Uze System Logic if prezent Usze Syztem Lagic if present
Succesz - Usze Delete
| - Failure - Use System Logic % - Always Uze Developed Even

Successz - Uze /Seztem

Wi Failure - Usge System Logi

Success - Uze /Developed Gieneral
" % Failure - Use Developed Even " Sensitivity Analysis
Succesz - Uze Delete " Thiz iz a Zone "Flagged" Ever

% -Failure - Use Developed E vent
Succesz - Use /Developed

Ok, I Cancel

Blank or Default

When the Process Flag field is blank, the transfer associated with this event is expanded for
failure references. For success references, the transfer is also expanded; however, the cut sets
generated are removed from the failure cut sets using cut set matching.

Process Flag 'I’

Use system logic (if top event fails), use the complement of the system logic (if top event
succeeds). Thatis, if the top event is a failure, SAPHIRE will expand the fault tree and solve; if
the event succeeds, SAPHIRE will complement the fault tree logic and solve it. An"I" causes
SAPHIRE to treat the transfer as independent. Logic below this transfer is expanded for failure
references, and for success references the complement of the logic is used.

Process Flag 'W’

Use system logic (if top event fails), use complement of the developed event (if top event
succeeds). Thatis, if the event fails SAPHIRE will expand the fault tree and solve; if the event
succeeds, SAPHIRE will use the complement of the developed event for the system.
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Process Flag 'X’

Use developed event (if event fails), use cut set matching to eliminate cut sets (if event
succeeds). Thatis, an "X" tells SAPHIRE that the basic event is to be used for failure
references, but success references are to be treated the same as if the flag was blank.

Process Flag 'Y’

Use developed event (if event fails), use complement of developed event (if event succeeds).
Thatis, a "Y" indicates that a transfer is to be replaced with its basic event for failed references
and the complement of the event is to be used for success references.

Process Flag 'X’

Always use developed event. That is, never expand the fault tree and solve; always use the
event.

Sensitivity Analysis

If an event is marked for sensitivity analysis, SAPHIRE will map a core damage frequency plot.
A sensitivity analysis allows you to see how sensitive the core damage frequency is in relation to
an event.

Zoned Flagged Event

A zone flagged event is an event that has been marked as representing a zone (i.e., location or
area). An example of a zone is a fire zone or a flood zone. When SAPHIRE encounters a zone
flagged event, it performs a transformation. A transformation is an event or set of events that
replace a zone flagged event.
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6.1.4 Basic Event Template

Modify Event H |

Ewvent I .ﬂ-.ttril:uutesl Process Flag  Template | Transfu:urmatiu:unsl Llncertaint_l,ll

™| Eempanentld
IT| Frozess Flag
™| Eategamy

=} Spstem

= i

= Tre

I | Eilure: fmde
= | et

Event [0V
Template Even? ™ Template | =
— Attributes — FRandom Failure

™| Ealeulatiorippe
= Firatiatiit

=} Lambds

= e

= izsiom Time

— Other

™| Deseripticn
| Suzeeptitilites
= | Transfamations

— ncertainty
™| DistibutionTvme

I™ | Earrelation Eass

™| Ureertamt e 1
™| Uneerkaint alie 2

o ]

Cancel

Template Name

If you wish to use another event's information as a template for this basic event, select the
name of the event from the drop-down list. Then check the box next to the desired
characteristics to be used by this basic event. By default, all of the template event
characteristics are selected.

Template Event

Select this check box if you wish to use the basic event as a template for other basic events in

the database.
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6.1.5 Basic Event Transformations

Select basic event(s) from the All Events list and the desired Type and Level.

Modify Event E E |
Event I Attributes I Process Flag I Template Transfnrmatlnnsl IIncertainty I
Evert ||:.w.g
Al Events Selected Event
{FALSE > - T
<NITS ﬂ ey
¢PASS:
<TRUE> R
C-CW-A,
C-Cv-B 70N
C-r 041 Level
C-h0-2, Ve
C-r0-B I—
C-PURP-A, -
C-PUMP-B
CCs - Add --»
A >| ] 3
J_I £ Hemwel _I_I J

Ok, I Cancel

Transformation - Type

This field indicates the required behavior of the collective events. Enter one of the following:

AND = All included events must fail. Event is replaced with an AND gate, with all
marked events as inputs.

OR = Any included events must fail. Event is replaced with an OR gate with all marked
events as inputs.

ZOR = Events make up the zone. If any events in the list fail, all events fail.

Transformation - Level

Enter an integer between 0 and 255 indicating the level of substitution for the transformation.
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6.1.6 Basic Event Uncertainty

Modify Event E |

Ewvent I .ﬁ.ttributesl Process Flagl Templatel Transformations  Uncertainty I

II:-I:"-.J'-.-“-‘-. [Frobability Dristribution)
o G9E +03 Fandom Seed 1]
Sample Size 1000
tean v alue 1.002E-004
Sth Percentile 2 510E-005
POE Median  7.S47E005
95th Percentile 2 433E 004
Min. Sample ¥.905E 008
Max. Sample E.111E-004
Std. Deviation 7 599E-005
0.00E +00 Skewness 2.373E+000
1.¥EE-05 Probability 4 BOE-04| Furtosis 1.158E +001
— Distribution Types Sampling Methods e —
& FOF &+ MonteCale  © Both [ Logi
' Cumulative " Latin Hypercube S ampling [T Log¥

Ok I Cancel

Monte Carlo Sampling (MCS)

Simple MCS is a fundamental uncertainty sampling approach. To perform the sampling,
SAPHIRE makes repeated quantifications of the system/sequence/end state cutsets using
samples from the basic event uncertainty distributions. This type of sampling requires more
samples than LHS for the same degree of accuracy.

When using this sampling technique, if the number of samples entered is less than ten, then the
number of samples will be increased to ten before the uncertainty analysis process will continue.
Any number of samples greater than or equal to ten will be allowed, but a number of at least
1000 is probably a better value for improving the reliability of the Monte Carlo results.

Latin Hypercube Sampling (LHS)

LHS is a stratified sampling technique where the random variable distributions are divided into
equal probability intervals. A probability is randomly selected from within each interval for each

6-13



basic event. Generally, LHS will require fewer samples than simple MCS for similar accuracy.
However, due to the stratification method, it may take longer to generate a value than for a MCS.

When using this technique, if the number of samples entered is less than twice the total number
of unique events in the system/sequence/end state, then the number of samples will be
increased to two times the total number of unique events before the analysis will continue. The
LHS technique gives its best results if the number of samples is at least twice the total number of
unique events.

6.2 Terms You Should Know

Developed Event

An event in SAPHIRE that is either an event tree top or a fault tree gate. Regular fault tree basic
event are not considered developed events.

Delete Term

In SAPHIRE, the process known as [delete terml refers to the removal of sequence success cut
sets from the list of failure cut sets when generating sequence cut sets. As an example of the
[delete termll, consider a sequence where top event A is successful and top event B is failed.
Any cut sets that would fail A should not be allowed in the cut sets for B, so those cut sets are
removed from the sequence.

6.3 Using Generate Event Data to Process Event Data

¢ Use the Modify = Basic Events menu to enter basic event data.
¢ Close the basic events dialogs.

¢ Select Generate from the menu bar, and select the Generate button. To process the
base case data, do not Mark any change sets.
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7. GRAPHICAL OUTPUT

Section 7 describes the Alpha to Graphics conversion and Page Tree features for fault tree
graphics, and how to print fault tree and event tree graphics.

7.1 The Fault Tree Alpha to Graphics Feature

Function]  The [Alpha to Graphicsl feature uses internally stored fault tree logic to create
a graphical fault tree file that can be viewed or edited in Fault Tree menu and
printed from the Report = Fault Tree = Graphic menus.

¢ When to Use Alpha to Graphics

O To replace the fault tree graphic that you created in Fault Tree = Edit
Graphics with a SAPHIRE-generated graphic that is evenly spaced and aligned
or to use different basic event symbols.

O To update the existing fault tree graphic because you used the fault tree logic
editor to modify fault tree logic.

O To create a fault tree graphic after loading the fault tree logic into the database
via the MAR-D interface.

Using the Fault Tree Alpha-to-Graphics Feature

[ To use the Alpha to Graphics feature, select Utility = Fault Tree.

Y e

Define Conztants

Load and Extract

Archive Data Base
Becover Data Baze

Bl o Grapics

Ewvent Tree ¥ Ertract Graphics
Load Graphics

0 Choose the Alpha to Graphics sub-menu option.
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Alpha to Graphics - (DEMO) |

Hame Dezcription
CCS Containment Coaling Systern faulk ree
ECS Emergency Cooling System fault tree

El:unvertl E xit |

I Highlight the desired system(s) and choose the Convert button.

Specifying Alpha to Graphics Conversion Options
I To place basic events in the Table of Basic

Events symbol, select the "Use Tables" check
box.

[T Use Tables

W Use Boxed Events i
=& Bosed Even I You may also choose from the two basic

event symbols, the round Basic Event symbol
or the Boxed Basic Event symbol. To use the
Boxed Basic Event symbol, select the "Use
Boxed Events" check box.

I Note: Special basic event symbols such as the Undeveloped Event symbol are
not distinguished from ordinary basic events in the fault tree logic; therefore, the
Alpha to Graphics conversion will only use the boxed, unboxed, or table basic
event symbols.
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Example of Alpha to Graphics Conversion

Edit Fault Tree Logic - [DEMO-JIM. CCS5)

iy CCS OR  CCS FAILS TO SPRAY WATER INTO THE COMTAIMMENT
-y CCS-SUPPLY OR MO WATER TO THE PUMP TRAINS
(T tank BE  RWST Failz to Supply ‘' ater
ﬂ C-mMOv-1-FAILS OR  C-MOW-1 FAILS TO OPEM

() c-mow-1 BE  CCS SUCTIOM ISOLATION WALWVE
i -(Z» dg-b BE EMERGEMCY DIESEL GEMERATOR B
EI . CCS-TRAIMS AMD  BOTH PUMP TRAIMS FAIL TO IMJECT

EI A CCS-TRAIM-A OR  CCS TRAIM & FAILS TO SUPPLY

i +ed coov-a BE CCS TRAIN & PUMP DISCHARGE CHECK. WALWE
: I comow-a BE  CCS TRAIN & PUMP DISCHARGE ISOLATION WalWE
) c-pump-a BE CCS TRAIM A MOTOR-DRIVEN PUMP
) dg-a BE EMERGEMCY DIESEL GENERATOR A

2 c-owb BE  CCS TRAIM B DISCHARGE CHECK WaALVE
2 c-mov-b BE  CCS TRAIN B DISCHARGE MO

D c-pump-b BE  CCS TRAIM B MDP

“(Th dgb BE EMERGEMCY DIESEL GEMERATOR B

Ok I LCancel I Eeport I

Alpha to Graphics Conversion

Containment Cooling System fault tree

¢ After performing the Alpha to Graphics conversion, the fault tree logic is converted to a

graphical fault tree. The conversion was performed using Tables and Boxed Basic

Events.

Gate and basic event descriptions will automatically be placed on the fault tree.
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7.2 The Page Tree Feature

Function [I

When Using the Page Tree Feature []

¢ Itis a good idea to save a copy of the tree to be paged since "unpaging" the tree will
require manual intervention.

The Page Tree option is used to permanently divide one fault tree "page" or file
into several "pages"” or files. This allows you to divide the contents of a fault tree
file so that it fits onto a printed page. Dividing the fault tree is accomplished by
picking gates to be changed into transfers. Additionally, you can break out a
subtree at a user-specified gate, output gates with multiple references to a
separate subree, or output multiple top gates into separate fault trees.

Using the Page Tree Feature

0 To use the Page Tree feature, select the Fault Tree option from the menu bar.
I Highlight the fault tree to be paged and right-click to invoke the pop-up menu.
0 Select the Page Tree option.

Edit Graphics
Edit B+ID
Edit Logic

Fage Tree

Solve
Cluantify
Uncertainty
Cut Setz
Dizplay
Wi

Time Dependent

I The Page Fault Tree Logic dialog is displayed.
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Page Fault Tree Logic - [DEMD-JIM, CCS) EIE:!

E‘"’A
E|ﬁ CCS-5UPPLY OR C-MOW-1-FAILS, tank
L.y CMOVFAILS OR comov-1, dob
E|. CC5-TRAINS AMD  CCS-TRAIM-A, CCS-TRAIM-B
ﬂ CCS-TRAIM-4 OR  c-cv-a, comov-a, dg-a. c-pump-a
ﬂ CCS-TRAIM-E OR  dg-b, c-ovw-b, c-mov-b, c-pump-b

—Paging Pages

L e] F'agel e ltiple | Bant | (57 j |
ioEs | Gate | Find |
Idemge |

|CCS FAILS TO SPRAY WATER INTO THE COMTAIMMENT

Page Options

Multiple - Break out gates with multiple references (i.e., gates that appear in more than one
location within the fault tree) and output the logic into separate subtrees. Enabled only
when multiply-referenced gates are detected.

Tops - Automatically separate the logic file into different fault trees by the top events.
Enabled only when multiple tops in the logic are detected.

Gate - Create a separate fault tree logic file with the specified gate as the top event.
Find - Locate a specified gate.
Go To - Follow a transfer to another fault tree file.

Merge - Merge the logic represented by a transfer gate into the current fault tree file. This
will occur only if the gate is not referenced more than once within the fault tree.

Auto Page - Automatically break the fault tree into easily viewable segments

Expand - Expand all gates in the current fault tree file.

Back - Reload the previous fault tree file. This option is enabled only after executing the Go To
option.

Pages - List of existing pages. Double-click on a page in the list to make it the current page.

Exit - Close the Page System Logic dialog. If changes were made to the system logic, you will
be prompted to save the changes before exiting.
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7.3 Printing Fault Tree Graphics

0 To print fault tree graphics, select Report = Fault Tree = Graphic.
ReportsMers __________________________________EH]
—DataType———— [~ Repart Tupe —5Sub Type
" Project ™ Summary
= Attributes i~ Logic
" Basic Events 0 Graphu:
% Fault Tree O Cut Sets
i~ Event Tree i~ Impartance
" End State % Feference Fault Tree
" Sequence " = Reference 5ub-tree
" Gate " Customn
" Histogram
= Uszer Infa Frocess Exit
0 Select the files to be prepared for plotting, and choose the Continue button.
Grophics Reponis - DEWD) K|
Mame Dezcription
Containment Cooling Systern fault tree
G ECS Emergency Cooling Systerm fault tree
Contirie Ezxit

The Fault Tree Printer window will be displayed along with the Print dialog.

O Note: the size and alignment of the graphic as it appears in the graphical editor prior to

using the print option dictates the appearance of the printed graphic.
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7.4 Printing Event Tree Graphics

0 To print event tree graphics, select Report = Event Tree = Graphic.
ReportsMers __________________________________EH]
—DataType———— [~ Repart Tupe —5Sub Type

" Project " Logic

" Attibutes @ Giraphic

" Basic Events " |nitiating E vents

" Fault Tree " Cross Reference

& Event Tree " Custom

" End State

" Sequence

" Gate

" Histogram

= Uszer Infa Frocess Exit
[ Select the files to be prepared for plotting, and choose the Continue button.
Event Tree Graphicz - [DEMO] |

G Event Trees

ozs of offsite power event ree

LConfinue Esit

The Event Tree Printer window will be displayed along with the Print dialog.

O Note: the size and alignment of the graphic as it appears in the graphical editor prior to
using the plot option dictates the appearance of the printed graphic.



Fault Tree Printer

0 This window is displayed when printing event tree or fault tree graphics files.

T MMT 2vEROBZ LG HPGS)

[+

(1 Bages Hanm b

OK - Print the graphic file(s) to the designated printer.
Cancel - Close the Print dialog along with the Fault Tree Printer window.
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8. GENERATING SYSTEM CUT SETS

Section 8 describes how to generate system (i.e., fault tree) cut sets. Model preparation prior to
generating cut sets is discussed, and the various analysis and truncation options are described.
Cut set display features are also presented.

¢ Indicate several prerequisites for generating system cut sets.
¢ Generate system cut sets.
¢ View generated system cut set results.

8.1 Prerequisites for Generating System Cut Sets

@ Fault tree logic was created by using the fault tree graphics editor, fault tree logic
editor, or loaded into the database via the MAR-D interface.

@ Basic event data were added through the Modify = Basic Events menu.

® Basic event data was prepared for model processing by using the Generate
option.
@ Fault tree transfers are properly modeled so that

o There are no logic loops in the fault trees
O There is only one top gate in each fault tree

o The naming of transfer gates and fault tree filenames is consistent.

Logic Loop Example

OFF 0f =2 Ce)
water system
Lp=s of ele dricy |
poter
TEP
Haillure of diess)
generators
PN Flure of diese]
DIESEL generstors
DIESEL
Lozg of cooling watpr to
dlesel generatols
Dg-1
ozz of serice |
ater system

LSy

The correct way to "break the loop" will depend on which system is being analyzed.
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8.2 Menus and options for system cut set generation

Systems List - [DEMO)]

Tatal # 2 Marked #

ba CCS

ba ECS

1

Syztem b azk M azk Action
’7 % helude. £ Erclude

[ Show Sub-Spstems

Containment Cooling Systemn fault tree
Ermergency Cooling Systerm fault tree

E dit Graphicz
Edit P+D
Edit Logic:
Page Tree

Salve
Cluartify k
Uncertainty

Cut Setz »
Diizplay »
Wi

Time Dependent

Apply b azk

Analyziz Type

]|

| RANDOM

=

Exit

I
I

Select the Fault Tree option from the menu.

Mark the Fault Trees using the mask feature, or using the mouse.

Right-click to invoke the pop-up menu.

Select the Solve option.

In the left-hand column...
b - flags systems with base case cut sets
a - flags systems with alternate case cut sets

This option uses the fault tree logic from all fault trees that link to the top gate in the system.
The system probability is quantified using the minimal cut set upper bound approximation.



Truncation Parameters

Cut Set Generation HE
Cutoff by Cut Set Probabiitd W Fault Tree (8 Global < Global Cutoff Walue | 1.000E-002
Cutoff by Event Probability | Min < Cutoff Value |- E----

Cutaff by O Size O Zone ) Mone > Cutoff 4 alue I =
Starting G ate Mame I Flag Set Mame LI

Auto Apply Becovery Bules [

MIOTE: To perform Event Probability truncation pou must alzo specify
CutSet Probability truncation and the aszociated cutaff value.

| OE. I LCancel I

0 Select the desired truncation parameters on the dialog, and choose OK to begin
generating cut sets.

» Cutoff by Cut Set Probability - If you select this check box, then those cut sets below the
cutoff value will not be retained. Choose one of the radio buttons:

Global - Only those cut sets whose product for all of its event probabilities is greater
than or equal to the value in the < Global Cutoff Value field will be kept.

Fault Tree - Only those cut sets whose product for all of its event probabilities is
greater than or equal to the fault tree’s cutoff value will be kept. This value is
entered in the Modify -> Fault Tree option.

» Cutoff by Event Probability - If you select this check box, then you must also select the
Cutoff by Cut Set Probability check box. This option will retain cut sets comprised of basic
events that are above the Min < Cutoff Value even if the cut set is below the Global Cutoff
Value.

» Cut Set Size - If you select this check box, then cut sets having more events than specified in
the > Cutoff Value field will not be retained. If you select the Zone check box, then cut sets
having more Zone Flagged Events than specified in the > Cutoff Value field will not be
retained. If neither check box is selected, then the number of events in a cut set will not affect
whether the cut set is retained or discarded.

» Starting Gate Name - If you leave the field blank, the top gate in the system will be used. If
you specify a gate, that gate will be used as though it were the top gate.

» Flag Set Name - If you leave the field blank, the system-specific flag set, if any, will be
used. If you specify a flag set, that flag set will be used during processing.

» Auto Apply Recovery Rules - If you check box, any recovery rules associated with this
fault tree will automatically be applied after the fault tree cut sets have been generated.
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Quantify

Solve | This submenu provides options for requantifying
Quantify Quantify [Default) existing current case system cut sets. These options
Uncertainty Min Cut are designed to quickly requantify the cut sets when
St el o B B data changes have been made. (Note: if data

Hiew Min/M as changes increase the failure probability of an event,
Time Dependent the Solve option should be used instead.)

Minimal Cut Set Upper Bound Approximation

This calculation approximates the probability of the union of the minimal cut sets for the fault
trees. The equation for the minimal cut set upper bound is

S = 1-|j(1-ci)

where
S = minimal cut set upper bound for the system unavailability,
Ci = probability of the illth cut set, and
m = the number of cut sets.

Example: If the cut sets for a system are X =A u Bu C (i.e., the union of three events, A, B,
and C); then the cut sets can be written as X = A + B + C with the plus symbol indicating union.
The system unavailability computed from the minimal cut set upper bound approximation is then
X=1-(1-A)(1-B)(1-C).

Min Max Quantification

The Min-Max quantification option quantifies the current case cut sets using the exact probability
quantification algorithm. From the example above, the exact system unavailability is

X=(A+B+C)-(A*B+A*C+B*C)+(A*B* (),

with the number of passes in this example being 3, corresponding to the number of pairs of
parentheses.

Uncertainty

Performs Monte Carlo or Latin Hypercube uncertainty analysis for the selected system. System
uncertainty analysis is discussed further in Section 9.
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Cut Set Analysis

Edit Graphics
Edit B+ID
Edit Logic

Salve
Huantify »
Uncertainty

LCut Sets pdate
Dizplay P Prune
e Recowver k

Edit 3

Time Dependent

This sub-menu provides options for cut set manipulation.

Cut Set Update

This option uses the existing current case cut sets (unless the user specifies that base case cut
sets are to be used instead). Non-minimal cut sets are eliminated and the system probability is
quantified using the minimal cut set upper bound approximation.

Prune Cut Sets

This is one of the options that allows you to eliminate cut sets from a selected system that
contains events which conflict in some way with one another. The prune cut set option has been
superceded by the "Cut Set, Recovery" option.

Analysis Type

Select the RANDOM analysis type for material covered in this class. The other analysis types
are provided for performing fire, flood, seismic, and other hazard analyses.
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Displaying System Cut Set Results

Edit Graphics

Edit P+ID I To display system cut sets, select System from
Edit Logic the menu bar.

Salve

Ll ’ I Highlight the system that you want to view; right-
%St':::z”ty X click to invoke the pop-up menu.

Dizplay Cut Setz
e Importance  #

I Select the Display = Cut Sets option.

. I nizertaink
Time Dependent = g

Selecting System Cut Sets to View

0 The system cut sets and minimal cut set upper bound approximation of the system
failure probability are now displayed.
Selected Cut 5ets - [DEMO, CCS) K E
Cut Set #
Mo, Freguency Total  Ewents
1 2.000E-002 9433 DG-B
2 1.000E-003 472 C-MOvA
3 1.000E-004 047 CMOV-B, DG-A
4 £.000E-005 028 C-PUMPE, DG-4
5 2.500E-005 012 C-MOw-A, C-MOWV-B
E 1.500E-005 007 C-Mov-a, CPUMPE
7 1.500E-00% 007 C-MOv-B, C-PUMP-A
g 9.000E-006 0.04  C-PUMP-&, C-PUMP-B
| 2.000E-00& 00 CC0v-B, DG-A
n 5.000E-007 0oo C-Cvea, C-MOWE
1 5.000E-007 000 C-CvW-B, C-MOW-A
12 3.000E-007 oo C-Cw-aA, C-PUMP-B
13 3.000E-007 000 C-Cv-B, C-PUMP-&
14 1.000E-007 000 TAME

15 1.000E-002 000 COva, CCV-B

Min Cut  2120E-002 Mum 15 Thiz Ligt==>  2120E-002 100.00 % Mum 15
Slice | Dther List | Wi | Importarnce | Sets lmport, | Beport | Save | E it |
I To view the basic events in a cut set, highlight the cut set, choose the View Cut Set
button.



Viewing System Cut Sets

0 The basic events, their failure probabilities and descriptions are now displayed.

Selected Cut S5et Eventz - [DEMO. CCS) |

Event Mame Walue Dezcription

DG 2.000E-002 rgenu:y diezel generatar &

<] | 2

Frequency  1.000E-004 047 & Mumber of Events 2

Wiew Event Exit

0 To view individual basic event information, highlight the basic event, and choose the
View Event button.

0 To find out where the events in the cut set came from, right-click on a cut set and select
the Path Search option.

The Path Search option traces through the fault tree logic to indicate exactly where in the
logic did the cut set come from.
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Viewing Basic Event Information for an Individual Cut Set

View Event

Family: DEMO

Event Mames

Ewvent Attributes

Frimary C-M0Y-E Compld oy~ Swetem EFaiande 40
Alternate  [CpMOy-E Pracess Flag I_Train I_Lcu:aticun 72
Categary l_ Type W
D ezcription |EES Traih B pump dizcharge izolation valve
Fiandom Failure Data Uncertainty Data
Calculation Type |1_ Distribution Type L
Mean Failure Prabability 5 O00E-DO= | Mame ||-DEI Marmal
Lambda +0.000E+000 | Emor Factor 5.000E +000
Tau «0000E+0C0 | [ E-
Mizzian Time +0.000E+000 | Correlation Class 2
Current Probability s o00E-no= | Current Uncertainty +0.000E +000
Suzceptibilities Transfarmations

12 345 67 8 910111213 1415 16 Type Level

R EEE IR RS -

0 The individual basic event information is now displayed.
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9.

SYSTEM UNCERTAINTY ANALYSIS

Section 9 describes uncertainty analysis for systems. The concept of performing uncertainty
analysis via Monte Carlo or Latin Hypercube sampling is discussed.

¢

Explain the two types of uncertainty analysis techniques available in SAPHIRE.
List the different uncertainty distributions supported by SAPHRE.
Perform system uncertainty analysis.

Display system uncertainty analysis results.

System Uncertainty Analysis

Uncertainty analysis calculates the variability of a system top event probability resulting
from uncertainties in the basic event probabilities.

SAPHIRE provides two uncertainty analysis techniques:
o Simple Monte Carlo sampling

O Latin Hypercube sampling

Simple Monte Carlo Sampling

A fundamental approach.

Makes repeated quantifications of the system cutsets using each random variable
sampled from the basic event uncertainty distributions.

Requires more samples than Latin Hypercube sampling for the same degree of
accuracy.

Latin Hypercube Sampling

>

A stratified sampling technique, with the random variable distributions divided into equal
probability intervals.

Probability randomly selected from within each interval.

May require fewer samples than simple Monte Carlo for similar accuracy; however, it
may take longer to generate a random value than for a simple Monte Carlo sample.
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9.2 Uncertainty Distributions for Basic Events

¢

9.3

Basic event distribution types supported by SAPHIRE:

Distribution Code Parameter
Blank (Use point estimate value only)
Lognormal L error factor
Normal N standard deviation
Beta B b in Beta(a, b)
Dirichlet D
Gamma G rini(r)
Chi-squared C degrees of freedom
Exponential E (none)
Uniform U upper end point
Histograms H histogram number
Max. Entropy M lower and upper end point
Seismic S Betar, Beta u
Constrained Noninformative 0

Correlation classes may be specified by the user to identify data (or other) dependencies

for basic events using data derived from the same data source.

Menus and Options for Performing System Uncertainty

Analysis

Select Fault Tree from the menu bar.

Mark the fault treg(s) for uncertainty analysis, right-click to invoke the pop-up menu.

Select the Uncertainty option. The fault tree uncertainty will be calculated for each fault

tree marked.

9-2

Solve
Cluantify

Uncertainty
Cut Setz
Wi

2

Tirme Dependent




Uncertainty Calculation Values

Uncertainty Calculation Yalues |

Murnber of zamples to wuze in zimulation 1000

Seed for random number generator 1]

[T Eecelenatian Level
" Latin Hypercube j
% honte Carlo

IIneertainty method

Intermediate Y alues
Output Values [~

il Wame
Ok Cancel
0 Enter the uncertainty calculation values on the screen:
> Select one of the uncertainty method radio buttons, Monte Carlo or Latin
Hypercube.
> Input the number of samples. (A larger number of samples will provide more

accurate results but will require more computation time.)

> Enter a value for the random number generator seed or accept the default.
Enter zero to obtain a random seed from the system clock.

> Enter a Ground Acceleration Level if seismic uncertainty is selected.

> OPTIONAL: To save intermediate sample results to a disk file for review, select
the Output Values check box and provide the Output file name. Note that the
resulting text file may be quite large.



Uncertainty Results

Uncertainty Hesults

Marme CC5

Random Seed 41877 Ewents 10
Sample Size 1000 Cut Sets 15
Faint estimate 2.120E-002
Mean Valus 2.047E-002
Atk Percentile Value 1.524E-003
Median ¥ alue 8.788E-003
35th Percentils VW alue E B5ZE-002
birimum S ample % alue 2.150E-004
b axirmurm 5 ample Y alue E.591E-001
Standard D ewviation 4.138E-002
Skewness T3 ZE +000
Furtosis 3.155E+001
Elapzed Time 00:00:00. 550
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Uncertainty results will be displayed briefly
on the screen following the uncertainty

calculation.

Uncertainty results for each system can
also be displayed from the System =

Display = Uncertainty menu.

Sysztem Uncertainty - [DEMO, CC5]

Baze
kear 2111E-002 Median 8. ¥avE-003 kincut 21 20E-0C
Std. Dew 4 420E-002 Skewnesz  8.129E+000 F.Lrtozis +00. 000E +1
Bth % 1.452E-002 b irirnirmn 2.483E-004 Seec Faa0
5tk % Fr23E-002 Masimum  7.526E-001 Samples 1000
Size Cutaff Probability Cutaff 1.000E-015
Current
kear 2 272E-002 edian 2 659E-003 kincut 271 20E-00
Std. Dew 4 982E-002 Skewnesz  7.833E+000 Fourtozis 1.000E+0
Atk % 1 540E-003 FirirniLirn 3. 206E-004 Seec 23697
A5th % 2 56RE-002 Masiroum  8.E21E-001 Samples 1000
Size Cutaff Prabability Cutaff 1.000E-015
i Current Quantile Walues Baze Quantile Y alues E:




10. SYSTEM IMPORTANCE ANALYSIS

Section 10 describes the various system importance measures available in SAPHIRE. Also, how
to calculate the importance measures using SAPHIRE is shown.

¢ Explain the use and meaning of importance measures.

¢ Define the importance measures that are available in SAPHIRE for systems (fault trees).
¢ Discuss the steps used to calculate system importance measures.

¢ View ratio importance measure results.

¢ View difference importance measure results

10.1 System Importance Measures

¢ Importance measures provide Oreliability-worth[] information about basic events
appearing in the cut sets for a fault tree.

¢ Components showing high relative importance may be candidates for either (1) close
monitoring to ensure that the component does not degrade over time or (2) design
changes to increase the component reliability.

¢ Ratio, Difference or Uncertainty importances can be selected.

O When you select Ratio Importances [ Fussell-Vesely Importance, Risk
Reduction Ratio, and Risk Increase Ratio will be calculated, displayed, and
reported.

O When you select Difference Importances [l Bimbaum Importance, Risk
Reduction Interval, Risk Increase Interval will be calculated, displayed, and
reported.
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10.2 Definitions of the Importance Measures

Fussell-Vesely Importance (FV)

An indication of the fractional contribution of the basic event to the minimal cut set upper bound.
The equation for FV importance is

FV = [F(x) - F(O)J/F(x)

where
F(x) is the original minimal cut set upper bound

F(0) is the minimal cut set upper bound with the event probability set equal to
0.0.

Risk Reduction Ratio (RRR) or Risk Reduction Interval (RRI)

An indication of how much the minimal cut set upper bound would decrease if the basic event
probability was reduced (to a probability of 0.0).

RRR = F(x)/F(0)

RRI = F(x) - F(0)
(Note the similarity between RRI and FV; the relative importance ranking of basic events will be
the same for the two importance measures.)

Risk Increase Ratio (RIR)or Risk Increase Interval (RII)

An indication of how much the minimal cut set upper bound would increase if the basic event
probability was increased (to a probability of 1.0).

(Note: If the event probability is close to 1.0, this importance measure may yield a small RIR or
RIL)

RIR = F(1)/F(x)

RIl =F(1) - F(x)
where

F(x) is the original minimal cut set upper bound
F(1) is the minimal cut set upper bound with the event probability set equal to
1

[ RGN
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Birnbaum Importance (B)

Indicates the sensitivity of the minimal cut set upper bound with respect to a change in the basic
event probability.

B=F(1)-F(0)
where

F(1) is the minimal cut set upper bound with the event probability set equal to
1.0.

F(0) is the minimal cut set upper bound with the event probability set equal to
0.0.

Some useful importance measures relationships:

O The Birnbaum importance is equal to the sum of the RIl and RRI importances.
B=RIl +RRI
o Fussell-Vesely (FV) importance is equal to the product of the Birnbaum
importance and the event probability, divided by the minimal cut set upper
bound.

FV = (B * X)/R(X)

o RRI'importance is equal to the product of the Birnbaum importance and the
nominal basic event probability (RRI importance is sometimes referred to as the
Hinspection importancell).

RRI=B*x

o RIl'importance is equal to the product of the Birnbaum importance and the
complement of the basic event probability.

RII=B*(1-X)
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10.3 Importance Menus and Options

I Select Fault Tree from the menu bar.

0 Highlight the fault tree, right-click to invoke the pop-up menu.

Solve

Cluantify r
Uncertainty

Cut Setz *

Dizplay Cut Setz
Wi Importance  + R

i Uncertainty Difference
Time Dependent .
I Uncertainty

Bk v ar

I Select Importance, then one of the sub-menu options. Ratio was selected in the
following example.

Viewing Importance Measures

0 The Ratio importance measures are now displayed.
Importance Measures - [DEMO, CC5) |
Sart
[F =]
Event Mame # af Frobability F Rizk Reduc. Rizk Incre.
Czcur Fatio Fatio
DG-B 1 2 000E-002 9.418E-001 1.718E+001 4 715E+001
C-0W-1 1 1.000E-003 4 B19E-002 1.048E+000  4.715E+001
DG-A 3 2 000E-002 7AFTE-O03 1.008E+000  1.36RE+000
C-t0v-B 4 5.000E-003 B.E32E-003 1.007E+000  2.322E+000
C-PUMP-B 4 2.000E-003 4.015E-003 1.004E+000 2. 325E+000
C-M O A 3 5 000E-003 1.869E-003 1.002E+000  1.371E+000
C-PLIRA P, 3 3.000E-003 1.121E-003 1.00ME+000  1.372E+000
C-Ch-A, 3 1.000E-003 3.738E-004 1.000E+000  1.373E+000
C-Cv-B 4 1.000E-004 1.338E-004 1.000E+000  2.329E+000
Partiticr | Beport | Exit |

0 Use the Report button on this dialog to write the importance measure to a file or printer.
(Note that Ratio importances are displayed.)

0 Alternately, the Report = Fault Tree = Importance option can be used to report
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system importances.

Displaying Difference Importances

I Now select the = Display = Importance > Difference option, difference importances

are displayed.

Importance Meausres - [DEMO. CC5] |
Sart
| BIRNBAUM |

Event Mame # of Frobability Birnbaum Rizk Feduc. Rizk Incre.
CQzcur Difference Difference
DiE-B 1 2 000E-002 9.988E 001 1.953E-002 9. 788E-001
C-t0W-1 1 1.000E-003 9.758E-001 9.753E-004 9. 788E-001
TAME. 1 1.000E-007 9.788E-001 9. 788E-008 9.788E-001
C-t0v-B 4 5.000E-003 2 733e-002 1.375E-004 2720E-002
C-PUMP-B 4 2.000E-003 2 733e-002 8. 252E-005 2 728E-002
C-Cv-B 4 1.000E-004 2733e-002 2 750E-008 2733e-002
DG 3 2 000E-002 FA14E-003 1.586E-004 7. 7RARE-003
C-b 0 3 5.000E 003 FA13E-003 2964005 FeF3E-003
C-PURMP-&, 3 2.000E-003 FA13E-003 2.379E-005 7.889E-003
C-Cv-h 3 1.000E-004 FA13E-003 7 928E-007 FH12E-003

Partition Report Exit |
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11. REPORTING BASIC EVENT INFORMATION

Section 11 describes how to generate reports of basic event data stored in SAPHIRE.
¢ Explain the various basic event information reports available in SAPHIRE.

¢ Display various basic event information reports.

11.1 Basic Event Report Information

0 To report basic event information, select Report from the menu bar.
FeporsMerw ——@E)
—Data Type———— [~ Feport Type —Sub Type

= Project % Overvew

" Attributes " Probaility

% Basic Events " Uncertainty

" Fault Tres " Seismic

" Evert Tree " Transformation

" End State " Crosz Reference

= Sequence = Custom

" Gate

= Histogram

" User Irfo
0 Select Basic Events and then you can choose from several different report options.
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Basic Events Overview Report

BA3ZIC EVENTS OVERVIEW REFPORT

Family: DEMO

Ewvent Primary Name Secondary Name
furmber Description Init/ Process Fail
Comp. ID Hazard Flag Type System Location Mode
1 C-CW-4 C-CV-4
CC3 Train A pump discharge check walwve
C-CV-4 cv CCE FZ1 il

Basic Events Probability Report

BAa3IC EVENTS PROBAEILITY REPORT

Family: DEMO Caze: ALTERNATE
E-rent Calc Hean
Iurmber Primary Name Type Probability Lamda Tau
1 C-CV-4 1 1.000E-004 +40.000E4000 40.000E4000

Basic Events Uncertainty Values Report

BA3IC EVENTS UNCERTAINTY VALUES REPORT

Family: DEHNO Case: ALTEBRNATE
Ewvent Distrib. Hean Uncertainty Correlation
Mutber Primary Name Type Probakhility Value Class

1 C-CW-14 L 1.000E-004 3. 000E+000 1
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Event Transformation Reference Report

EVENT TRANIFORMATION REFERENCE REFORT

Family : DEHMO

Murmber Event Name Type Lewvel ZJusceptibilities= Feferenced Ewvents

——=—= YHNHNNNNNNNMNHNINNHNIIN No REeferences Located

Event X-Reference Report

Several Cross Reference reports are available. Choose from sequence, system, or end state cut
set cross reference reports, or the system logic cross reference report.

Event X-Reference - [DEMO] EHE |
—Case Analyziz Tope =
tr plternate O Baze IH'&NDDM J

M ame Dezcription

<FALSE> Syztem Generated Success Event —

<IMIT> System Generated |nitiating Ewvent b

<PASS: Syztem Generated lgnore Event

<TRUE> Syztem Generated Failure Event

C-Ciit CCS Train & pump dizcharge check valve

C-Cv-B CCS Train B pump dizcharge check wvalve

C-tO-1 CCS zucton izolation valwe

C-h0 - CCS Train & pump dizcharge izolation valve

C-t0%-B CCS Train B pump dizcharge izolation walve

C-PLRMP- CCS Train A motar-driven purmp

C-PUMP-B CCS Train B motor-driven pump

CCS CCS FAILS TO SPRAY WATER INTO THE COMTAINMENT ™.
— Cut Set

Sequence Fault Tree End State “aulk Tree Logi Exit
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Event-System Logic Reference Report

EVENT-3Y3TEM LOGIC REFEREMNCE REFORT

Family: DEMO

Mutber Ewvent Name Syvatewm MNames
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12. REPORTING SYSTEM RESULTS

Section 12 describes how to generate reports of fault tree (system) cut set results.
¢

¢

Display various fault tree information reports.

12.1 System Report Menus and Examples

Reportz Menu E |

—Data Type
i~ Project

= Attributes

" Basic Events

0

Fault Tree
Event Tree
End State
Seduence
Gate

Higtogram

e T e T R

I1zer Info

— Report Type
= Summary

" CutSets

" |mportance

¥ Reference Fault Tree
¥ Reference Sub-ee
" Custom

—5Sub Type

Explain the various fault tree information reports available in SAPHIRE.

Process

E st

I

To report fault tree information, select REPORTS from the main menu.

Select Fault Tree and then you can choose from several different report options.
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12.1.1 System Summary Reports
Repotsors ———______HEH|

—Data Tygpe——— [~ Report Typpe ~ Sub Type
i~ Project ' Summary % Summary
" Attributes " Logic " Caombination
" Basic Events " Graphic " Uncertainty
~ F ' " CutSets " Bage Vs Al
" Ewvent Tree " |mportance
" End State " ¥ Reference Faulk Tree
i~ Sequence i~ % Reference Sub-tree
T Gate " Custom
" Histogram
= Uszer Info Process Exit

System Brief Summary Report

SY3TEM BRIEF SUMMARY REFPORT

Family: DEMO Case: CURRENT
Analwysiz: BRANDOM
MinCut
Syatem Name Description Tpper Bound
CCa
Containment Cooling Svstem fault tree 2.120E-002
System Combination Report
SYITEM COMEINATION REFORT
Family: DEHMO Caszse: CURERENT
Analysis: BRANDOH
No. of
No. Jystem Name Mincut Mean Cutsets
1 cCa 2.1Z0E-002Z 2.259E-002Z 15
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System Uncertainty Values Report

ST3ITEM UNCERTAINTY WVALTES REPORT

Family: DEHNO

Analysis: BRANDOH Caszse: CUREENT

Mean HinCut 5th Perec. Minirmum SJeed

ummber 3JIystem Name Median Stand. Dew. S95th Perc. Maximuam SJize
1 Cca

£.259E-00Z &.1Z0E-00Z2 1.544E-003 5.451E-004 46047
§.9397E-003 3.976E-00Z §.464E-002 4.Z72E-001 1000

12.1.2 System Logic Reports

System Logic Reports - [DEMO] |
5 M ame Drezcription
CCS Containment Coaling Systermn faulk ree
ECS Emergency Cooling Systerm fault tree
Logic Expanded Modified Exit
Mate : An 'S indicates a subtree.
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Logic Report (transfers not expanded)

AT3ITEM LOGIC EEPORT

Family: DEHNO Jystem: CC3

Fate Name Type Inputs
oo QR

CCS-3UPPLY, CCS-TRAINS
CCS-3UPPLY QR

C-MOV-1-FAILS, TANK
C-MOV-1-FAILS QR

Diz-E, C-MOV-1
CCS-TRAINS AND

CCS-TEAIN-L, CC3-TRALIN-E
CCS-TRAIN-L QR

C-CW-4, C-MOV-L, DG-A, C-PUMP-L
CCS-TRAIN-E QR

C-CV-E, C-MOV-E, C-PUMP-E, DG-E

Expanded Logic Report (transfers expanded)

3T3TEM EEXFPANDED LOGIC REFPORT

Family: DEHNO Jystem: CC3

Gate Name Type Inputs
cCa OF

CCS-3UPPLY, CCS-TRAINS
CCS-3UPPLY OF

C-MOV-1-FAILZ, TANE
C-MOV-1-FAILS OF

Diz-E, C-MOV-1
CCS-TRAINS AND

CC3-TEAIN-L, CC3-TRALIN-E
CCS-TEAIN-L OF

C-CW-4, C-MOV-L, DG-A, C-PUMP-L
CCS-TRAIN-E OF

C-CV-E, C-MOV-E, C-PUMP-E, DG-E
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12.1.3 System Cut Set Reports

System Cut Sets - (DEMO) EE|
—Caze Analyziz Tupe RANDOM -
& pAlternate € Base I J
M ame Dezcription
CCS Containment Coaoling Spstern fault tree
ECS Emergency Cooling System fault tree
Cut Set Euantified Detailed Exit

System Cut Set Report Example

AYSITEM CUT SETS REPORT
Family : DEMO hnalysis : RANDOM
System : CCH Case : ALTERMNATE
Cut
No. Size ALTERMNATE CUT 3ETS
1 1 C-Mov-1
2 1 LG-B
3 1 TANE
4 2 C-CV-4, C-CV-E
5 2 C-CV-4, C-MOV-E
& 2 C-CV-4, C-PUMP-E
? 2 C-CV-E, C-MOV-4
g 2 C-CV-E, C-PUMP-L
9 2 C-CV-B, DG-4
10 2 C-MOoV-4, C-MOV-E
11 2 C-MOV-4, C-PUMP-E
1z 2 C-MOV-E, C-PUMP-4
13 2 C-MOV-EB, DG-4
14 2 C-PUMP-A, C-PUMP-E
15 2 C-PUMP-E, DG-4
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System Quantified Cut Set Report

AT3ITEM CUT 3ET3 (QUANTIFICATION); EREPORT

Family : DEMO Analysis @ RALANDOM
IJystem @ CC3 Case : ALTEERMNATE
Hincut Upper Bound : Z.120E-00z2
Cut 5 % Cut Prok/
Mo Total Set Fredq. ALTERNATE CUT 3IETS
1 94 3 94 3 2,.0E-00Z DG-E
2 Q9.0 g.7 1.0E-003 C-MovV-1
3 Q9.5 0.4 1.0E-004 C-MOV-E, DG-4
4 Q9.5 0.z 6.0E-005 C-FUMP-E, DG-L4
5 Q9.9 0.1 Z2.5E-005 C-MOV-h, C-MOV-F
6 100.0 o.o 1.5E-005 C-MOV-L, C-PUMP-E
Too100.0 o.o 1.5E-005 C-MOV-E, C-PUMP-L
g 100.0 o.o 9,.0E-006 C-PUMP-L, C-FUMP-E
9 100.0 o.o Z2.0E-006 C-CWV-E, DG-L4
10 1o00.0 o.o S5.0E-007 C-CW-4, C-MOV-E
11 1o0.0 o.o S5.0E-007 C-CV-E, C-MOV-L4
1z 100.0 o.o 3.0E-007 C-CW-L, C-PUMP-E
15 100.0 o.o 3.0E-007 C-CV-E, C-PUMP-L
14 100.0 o.o 1.0E-007 TANE
15 1o00.0 o.o 1.0E-008 C-CW-4, C-CV-E

12.1.4 System Importance Reports

System Importance - [DEMO] |
—Caze Analyziz Tepe IFI.-’-‘-.NDEIM j
& Alemate © Base
Hame Dezcription
CCS Containment Cooling System fault tree
ECS Emergency Cooling Systerm fault tree
Importance | Special Importance | Sort Coteria Exit
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System Importance Sort

Select the Sort Critenia

K E
— Sort Optiohs
= Mame
" Probability of Failure
" Oecurence Count

& - or Bimbaum

" Rizk Feduction

" Bizk Increaze

oK | Cancel |

System FV Importance Report

SYSITEM IMPORTANCE MEASURES EEPORT
Analysis RANDOH
Case ALTERNATE

DEMO
CC3

Family
S¥stem

[Forted by Fussell-Vesely Importance)

MNum. Probakbility Fussell- Risk Risk

of of Vezsely Feduction Increase

Event Name oo, Failure Importance Fatio Fatio
Di;-E 1 Z2.000E-002 9.421E-001  1.727E4+001  4.716E4+001
C-MOv-1 1 1.000E-003 4.621E-002 1.043E4+000 4.716E4+001
DiG—4 3 Z2.000E-00Z2  7.479E-003  1.007E4000 1.365E4000
C-MOW-E 4 S5.000E-003  6.456E-003 1.006E4000 2.Z282E4000
C-FPUMP-E 4 3.000E-003 3.891E-003 1.003E4000 2.Z285E4000
C-MOV-4 3 S5.000E-003  1.869E-003 1.001E4000 1.371E4000
C-FUMP-L4 3 3.000E-003 1.121E-003 1.001E4000 1.372E4000
C-CWV-F 4 1.000E-004 1.297E-004 1.000E4000 2.283E4000
C-CWV-14 3 1.000E-004 3.739E-005 1.000E4000 1.373E4000
TANE 1 1.000E-007 4.616E-006 1.000E4+000 4,.716E4+001

12-7




12.1.5 System X-Reference Reports
Repotsors ———______HEH|

—Data Tygpe——— [~ Report Typpe ~ Sub Type
i~ Project = Summary % Sub-tree
" Attributes " Logic " Basic Events
" Basic Events " Graphic ' Gates
&+ Fault Tree " CutSets ™ Fault Tree
" Event Tree " |mportance " Event Tree
" End State ' 5 Reference Fault Tree " Sequence
i~ Sequence i~ % Reference Sub-tree
T Gate " Custom
" Histogram
= Uszer Info Process Exit

System - Sequence X-Reference Report

SYSTEM / SEQUENCE BREFERENCE REPORT

Family: DEMO

Syatem Name <Ewent Trees:> and Sequences using this System

ces <LOSP>, 2, 3
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13. SYSTEM SENSITIVITY ANALYSIS

Section 13 describes how to perform fault tree (system) sensitivity studies including basic event
data modifications and fault tree logic changes. The use of Change Sets to make basic event
data modifications is described.

¢ Discuss the steps involved in performing fault tree sensitivity analysis.

¢ List the various ways to modify fault tree logic.

¢ List the two ways data changes can be made to the database.

¢ Describe the two different types of change sets.

¢ Explain the three different system analysis options and when each option should be
used.

13.1 Overview of Steps Involved in Performing a Fault Tree
Sensitivity Analysis

@ If fault tree logic changes are to be made (e.g., adding a basic event, removing a basic
event, or changing an OR-gate to an AND-gate), make the changes using the graphical
fault tree editor.

@ If data changes are to be made, enter data modifications by either [

. Changing the data "permanently" in the Modify = Basic Events option
. Changing the data "temporarily" using Change Sets

Then, use the Generate option to "process” the basic event changes so that they will be
used for subsequently performed SAPHIRE operations such as quantifying cut sets,
displaying cut sets, and generating reports.

® Update the fault tree cut sets in the Fault Tree = Fault Trees List dialog using the
appropriate pop-up menu option [ Solve, Cut Sets = Update, or Quantify.
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13.2
¢

13.3

13.4

Modifying Fault Tree Logic

The fault tree logic can be changed by using the graphical editor in the Fault Tree =
Edit Graphics. See Section 5 for detailed instructions.

Alternate ways of modifying fault tree logic include:
o Using the Fault Tree = Edit Logic
O Replacing system logic with MAR-D .FTL files

Making a "Permanent" Data Change in MODIFY Data Base

To enter basic event data, select Modify from the menu bar. Then select Basic Events.

I To modify data for an existing event, highlight the event you want to edit, right-
click to invoke the pop-up menu, and select the Modify option.

I The Generate option from the main menu bar must be used before the data is
available for SAPHIRE operations.

Making a "Temporary" Data Change by Using Change Sets

Select Generate from the menu bar.

To create a Change Set, right-click to invoke the pop-up menu, select Add, and enter the
Change Set name and description.

As shown in the figure, two Change Sets (named FAULT-TREE-1 and FAULT-TREE-2)
were created in this example.
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Generate - (DEMO] |
Change Set Mame Change Set Description

Fault Tree Chanae Set #1
FaAULT-TREE-2 Fault Tree Change Set #2

Default Mizzion Time I 2400 +0M Hight Click far Menu DptiDnS
Clazz | Single | Report Generate | Exit I

I To make a data change in the Change Set named FAULT-TREE-1, highlight the Change
Set, choose the Single button.

I To create a Class Change for the FAULT-TREE-2 Change Set, highlight the Change
Set, choose the Class button.

The Change Set Select Event Dialog

Change Set Events - (DEMO. FAULT-TREE-1) E E3
SLF FLC I arme: Dezcription
| | »
SLF Event Uzage Flags: S=<5:eguence cut zetz, L=Fault Tree <L>ogic. F=Fault Tree cut sete
- =unuzed, b =basze case, c=curnent, B =Both
F&C Change Set Flags: P =prob., C = clazs
Right click for menu options. Exit |
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0 Right-click to invoke the pop-up menu and select the Add option. Double-click on the
event to be modified. In this example, event C-CV-A was edited.

The Change Set Data Entry Dialog

Event Probability Changes
M amnes Attributes Suzceptibiliies
PO Compld FMode Location 1 2 32 4 5 F 7 8
AC-C C-Ch-A, A1 FZ1 M I T
T Type Syztem Train 910 11 12 13 14 15 16
Categaony: Cv CCs T rrr
Fandom Failure D ata
Baze Current
1 Calculation Type [ . <BLANK> Mo Change ﬂ|
1.000E-004 tean Failure Probability 1.000E-003
+0.000E+000 Lambda
+(. OD0E +000 Tau
+0. OD0E +000 Miszion Time
ncertainty Data
L Distribution Type | - <BLANK> No Change j]
Log Mormal Marme |
3.000E +000 lEi
Y E
1 Correlation Clazs
Frocess Flag |_|E|
Leave Current Walues blank
if no changes are desired. Ok | Lancel |
I The Event Probability Changes dialog allows you to enter changes on the right side of
the dialog.

[ In this example, the probability field was changed from 1.0E-4 to 1.0E-3.
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The Class Change Dialog

Edit Event Clazz - [DEMO. FAULT-TREE-2) EE

Mate: Leave values blank if no changes are desired.

— Event Attributes Mazlk

Mames

Susceptibilities

Prirmary I

Uncert. Cor. Class Eat&l_’gry Location Fitode Type

Compld System Tran |1 2 3 4 5 B 7
| | | | || ]|} ) " "

310 11 1213 14 15

| | v oo

IIncertainty 0 ata

— Failure/Seizmic D ata

Calculation Type I_ vI Distribution Type | - <BLAMK> Mo Char |

Frob/Freq/Median Faill &ccel m Mame
Lamdas/Screening G-Lewvel E— Waluel [ E---
Tau [—E— Value2 [ E---
Miszion Time E— Corelation Clazs

Procesz Flag I_
)3 Clear | LCancel

0 Enter the attributes that define the events to be changed. In this example, Type was

specified as CV.

0 Enter the new data. In this example, the probability was changed to 2.0E-4.

0 One class change is allowed for each Change Set.
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Generating Changes for One Change Set

Generate - (DEMO] |
Change Set Mame Change Set Description
1 FAULT-TREE-1 Fault Tree Change Set #1
FaAULT-TREE-2 Fault Tree Change Set #2

Default Mizzion Time I 2400 +0M Hight Click far Menu DptiDnS
Clazz | Single | Report Generate | Exit I

0 To invoke only the FAULT-TREE-1 Change Set, double-click on the Change Set.

0 The number 1 will appear in the # column.

0 Choose the Generate button and proceed as directed.

0 To report the changes, choose the Report button, then select the Affected Events radio
button.

Report Changes

Events Affected By Change 3ets
Family : DEMO

Cale Lambda Tau Crg
Event Name Type Mission Curr Prokh Change 3Set Type
C-CV-4 1 0.000E+00 0O.000E+400 FAULT-TREE-1 F

0.000E+00  1.000E-03
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Generating Changes for Two Change Sets

Generate - (DEMO] |

Change Set Mame Change Set Description

1  FAULT-TREE-1 Fault Tree Change Set #1
2 FALLT-THEE-2 Faulk Tree Chanoe Set #2

Default Mizzion Time I 2400 +0M Hight Click far Menu DptiDnS

Clazz | Single | Report Eeneratel Exit I

0 When invoking more than one Change Set, the order that they are selected dictates
which changes have precedence.

0 In this example, the FAULT-TREE-1 Change Set was marked, and then the FAULT-
TREE-2 Change Set was marked.

0 Note the numbering in the # column. This will cause the FAULT-TREE-2 changes to
override the FAULT-TREE-1 changes where the same basic event is affected by both

Change Sets.

I Choose the Generate button and continue as directed.

0 To report the changes, choose the Report button, then select the Affected Events radio
button.
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Generating Changes - Compare Reports

Events Affected By Change 3ets
Family : DEMO

Cale Larmbda Tau Crg
Event Name Type Mission Curr Prokh Change Set Type
C-CV-4 1 0.000E4+00 0O.000E400 PROPAGATE Z

0.000E+00  2.000E-04

C-CWV-B 1 0.000E+00 0O.000E4+00 PROPALAGATE C
0.000E+00  2.000E-04

E-CWV-4 1 0.000E+00 0O.000E+4+00 FAULT-TREE-Z C
0.000E+00  2.000E-04

E-CV-E 1 0.000E+00 0O.000E+4+00 FAULT-TREE-Z C
0.000E+00  2.000E-04

In the example above, the FAULT-TREE-1 had been selected first, and then FAULT-TREE-2.

Events Affected By Change Sets
Family : DEMO

Calce Lambda Tau Crg
Ewvent Name Type Mission Curr Prob Chahge Set Type
C-CWV-4 1 0.000E4+00 O.000E400 MODIFYDE F

0.000E+00  1.000E-03

C-CV-B 1 0.000E+00 0O.000E+4+00 MODIFYDE C
0.000E+00  2.000E-04

E-CV-4 1 0.000E+00 0O.000E+4+00 FAULT-TREE-Z C
0.000E+00  2.000E-04

E-CV-B 1 0.000E+00 0O.000E+4+00 FAULT-TREE-Z C
0.000E+00  2.000E-04

If the FAULT-TREE-2 had been selected first, and then FAULT-TREE-1, the resulting affected
basic events would be as shown above.
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13.5 Analyzing System Cut Sets

Fault Trees List - [DEMO]
Analyziz Type

Tatal # 2 Marked # 1 T Show Sub-Trees
IF!»&NDDM "I
ba ECS Emergency Cooling System Fault Tree
Fault Tree kask b azk. Action

Ix ’7 ) [hclude. £ Exclide Apply Mask Exit

I Select Fault Tree from the menu bar.

0 Mark the fault trees using the mask function, or individually using the mouse.

0 Right-click to invoke the pop-up menu.

0 Select the appropriate option from the pop-up menu.



Analysis Options

Type of Model or Data Modification Analysis Option
Generate Cut Cut Set Quantification

Sets Update
Fault tree/event tree logic changes v
Data changes - all probabilities v v
decreased
Data changes - any probabilities v
increased
Data changes involve house event 4
settings
Cut set truncation limit increased (i.e., o v
from 1.0E-8 to 1.0E-7)
Cut set truncation limit decreased (i.e., 4
from 1.0E-8 to 1.0E-10)
Following use of the cut set editor (e.g., v
to add recovery events)
No fault tree/sequence logic in model (in 4 v
cases where cut sets where loaded via (house event (probability
Mar-D, without fault tree/event tree changes or changes)
sequence logic) cut sets

edited)
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14. LINKING EVENT TREE SEQUENCES

Section 14 describes SAPHIRE event tree linking and process required to link event tree

sequences.
¢ Define “linking” event trees.

¢ Explain the link event tree process available in SAPHIRE.

¢ Perform the link event tree process.

¢ Provide a description for each of the sequence generation headers.
¢ Display the logic for an event tree.

14.1 Linking Event Trees

"Linking" event trees is the process of generating of sequence logic using the event tree
graphical files.

| LOSP | ECS | cCS | SEQ.# |

Tree Seq.# Logic

LOSP 2 ECS ICCS
LOSP 3 ECS CCS

"Link" Event Tree

14.2 Menus and Options for Linking Event Tree Sequences

I Select Event Tree from the menu bar.
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Event Tree List - (DEMD) |

Tatal # 1 Marked # 1

<0 | 2

Lozs of offsite power event tree

Edit Graphic:z
Edit Bules
Edit Logic

Link Trees

Sequence Logic

Event Tree Mask kazk Achion
’V % helude. CExclude £pply Mazk Exit |

14.3

The event trees are now displayed.
Mark the event trees using the mask feature, or individually, using the mouse.

Right-click to invoke the pop-up menu and select the Link Trees option.

Reporting Event Tree Sequence Logic
You can view the event tree sequence logic in several ways:
o By selecting one of the Report Options radio buttons on the Generate Options

dialog, you can send the logic to the screen or printer, or you can exit SAPHIRE
and use a text editor to view the file (e.g., LOSP.TXT).

O Select Report from the menu bar, then select the Sequence = Logic radio
buttons to preview, print or create a file containing a report of the sequence
logic.

The automatic sequence naming will add a "-" to the sequence identifier each time an
event tree transfer is encountered.
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Sequence Generation Information

Generate Options - [DEMO] |

— Report Optionz

' Send Report To Screert

i~ Send Repart Ta Prirter

" Send Feport To File
File M ame ||:|:|N

i~ Do Mot Create a Report

Humber of Levels o Process I 99

Ilze Probability Cut O o
Frobability Cut OFF % alue I 1 000E-015
Generate Cut Sets? o

butually Excluzive Top Mame I

ok, | Cancel |

I Enter the desired parameters on the dialog and choose the OK button to link event tree
sequences.

Send Report to File

This radio button is selected by default. A default report name is provided that will be created in
the family subdirectory. Optionally, a different filename may be input.

Send Report to Screen

By selecting this radio button, "CON" is automatically placed in the File Name field and the report
is displayed in the Report Viewer.

Send Report to Printer

By selecting this radio button, "PRN" is automatically placed in the File Name field and the report
is printed on your Windows default printer.
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Do Not Create a Report

By selecting this radio button, the File Name field is blank and a report is not generated.

Number of Levels to Process

A level is a transfer to another event tree (subtree). The default (99) will generate sequences for
all subtrees. If the level is specified as less than 99, only that number of subtrees will be
processed.

The next three options are used for the large event tree methodology.

Use Probability Cut Off

By default the box is unchecked. If the tops are independent and are treated as probability
values (i.e., not fault tree logic), then the event tree sequence logic can be truncated on
probability. Each top is treated as a basic event with its probability assumed to be the value of its
split fraction.

Probability Cutoff Value

Enter the truncation value if you checked the Use Probability Cutoff check box.

Generate Cut Sets

If you check the box, a sequence "cut set" will be generated when the sequence logic is
generated. Each top, whether failed or successful, is treated as a basic event and placed in the
cut set for the generated sequence. Consequently, each sequence will end up with a single "cut
set" representing the probability for each top event.

Mutually Exclusive Top Name

May be left blank. This allows you to specify a top event (associated with a fault tree) that will be
added to each sequence as a success event. The top will appear in the logic as a
complemented system and will be treated accordingly when the sequence is solved. The
purpose is to provide a method of removing illegal combinations of events.
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15.

GENERATING EVENT TREE CUT SETS

Section 15 describes how to generate event tree cut sets. Model preparation prior to generating

cut sets is discussed, and the various analysis and truncation options are described. Cut set

display features are also presented.

¢

©)

@

Indicate several prerequisites for generating event tree cut sets.
Generate event tree cut sets.

View generated event tree cut set results.
Prerequisites for Generating Event Tree Cut Sets

Event tree logic was created by using the event tree graphical editor.
Event tree logic was "linked" using Event Tree = Link Trees.

Basic event data was added through the Modify = Basic Events option.

Basic event data was prepared for model processing by using the Generate option.

Note: System cut sets do not need to be generated prior to generating sequence cut sets.
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15.2 Menus and Options for Event Tree Cut Set Generation

0 Select Sequence from the menu bar.
Sequence: - [DEMO] |
Tatal & 2 Marked # 1 Analysiz Type
Event Tree Sequence | FANDIOH j|
ha |OSP
ba LOSP 3
Cluantify 3
Uncertainty
Cut Setz r
Dizplay 3
Wi
Time Dependent
<] | Il
Event Tree Mame Maszk Sequence Mame Mazk Sequence Logic System Mazk
§ [0 =] | [awo = I =
Mask Action———
’V'F [relude £ Erclude Apply M asks | Exit |

I Mark the sequences using the mask feature, or mark sequences individually using the
mouse.
I Right-click to invoke the pop-up menu and select the Solve option.

b - flags sequences with existing base case cut sets
a - flags sequences with existing current case cut sets

Analysis Type

Select the RANDOM analysis type for material covered in this class. The other analysis types
are provided for performing fire, flood, seismic, and other hazard analyses.

Solve

This option uses the event tree logic and fault trees associated with event tree top events. The
sequence frequency is quantified using the minimal cut set upper bound approximation.
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Cut Set Generation Cutoff Values

Cut S5et Generation Cutoff Yalues |

ol CUt S et Probabiling M < CutoffValue [1.000E-008
Cutaff by Event Frobability ™ Min< Cutoff Value [1.000E003
Cutcfiby © Size © Zone & Mone > CutoffValue IT
Solve Sequence WeFaulk Trees [ Flag Set Mame j
Auta Apply Becoverny Rules N

HOTE: To perform Ewvent Probability truncation wou must also zpecify
Cut Set Probability truncation and the azzociated cutoff value.

ok I LCancel

0 Enter the desired truncation parameters on the dialog, and choose the OK button to
begin generating cut sets.

» Cutoff by Cut Set Probability — If you check this box, then those cut sets below the value in
the < Cutoff Value field will not be retained.

» Cutoff by Event Probability — If you if you check this box, then you must also check the
Cutoff by Cut Set Probability box. This option will retain cut sets comprised of basic events
that are above the Min < Cutoff Value even if the cut set is below the Cut Set Probability
Cutoff Value.

» Cut Set Size Truncation — If you check this box, then cut sets having more events than
specified in the > Cutoff Value field will not be retained. If you check the Zone box, then cut
sets having more Zone Flagged Events than specified in the > Cutoff Value field will not be
retained. If you leave both boxes unchecked, then the number of events in a cut set will be
not affect whether the cut set is retained or discarded.

» Solve Sequence with Fault Trees —If you check this box, then fault tree logic will be used.
If the box is unchecked, previously generated fault tree cut sets will be used.

» Flag Set Name — A Flag Set containing House event settings may be specified in this field.
If blank, the Flag Set specified in Modify -> Event Trees = Sequences = Flags Name
will be used if a Flag Set was specified.

» Auto Apply Recovery Rules - If you check box, any recovery rules associated with the
sequence(s) marked will automatically be applied after the sequence(s) cut sets have been
generated.
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Quantify

Salve | This sub-menu provides options for requantifying the
Guantify Quantify [Default) sequence frequencies for existing current case cut
Uncertairity Min Cut sets. These options are designed to quickly
Lut Sets > Bare Event requantify the cut sets when data changes have been
Display b Min/May made. (Note: if data changes increase the failure
e Split Fraction m :

probability of an event, the Solve option should be
Time Dependent used instead.)

Split Fraction

Provides a minimal cut set upper bound estimation using the previously calculated system results
for the failed or successful systems in the sequence. This option does not generate cut sets, and
is only appropriate for event trees with independent top events where the top events are treated
as probabilities, not fault trees.

Min Max Quantification

The Min-Max quantification option quantifies the current case cut sets using the exact probability
quantification algorithm.

|see Section 8, System Cut Set Generation

Uncertainty

Performs Monte Carlo or Latin Hypercube uncertainty analysis for the selected sequence
individually or combined. Sequence uncertainty analysis is discussed further in Section 16.

Cut Sets

Solve
Huantify 3
Uncertainty

Cut Sets Update This sub-menu provides options for cut set manipulation.

Dizplay ¥ Prune
WiEn Becover
Partition~ »

Time Dependett Edi N
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Cut Set Update

This option uses the existing current case cut sets (unless the user specifies that base case cut
sets are to be used instead). Non-minimal cut sets are eliminated and the sequence frequency is
quantified using the minimal cut set upper bound approximation.

Prune Cut Sets

This is one of the options that allows you to eliminate cut sets from a selected sequence that
contains events which conflict in some way with one another. This option has been superceded
by the "Cut Set, Recover" option.

Displaying Event Tree Cut Set Results

0 To display sequence cut sets, select Sequence from the menu bar.
0 Highlight the sequence that you want to view.

Solve

Huantify 3

Uncertainty

LCut Setz r

Dizplay Cut Setz
WiEn Impartance  #
Uneertainty

Time Dependett

0 Right-click to invoke the pop-up menu and select the Display = Cut Sets option.
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Viewing Sequence Cut Sets

0 The sequence cut sets and minimal cut set upper bound approximation of the sequence
frequency are now displayed.
Selected Cut Sets - [DEMO, LOSP. 2) EHE
Cut Set 4
Ma. Frequency Taotal  Ewvents
1 4 600E-002 9504 DG-A
2 2.300E-003 475 E-MOV-
3 5.750E-005 012  E-MOV-a, E-MOV-E
4 3.450E-005 007 E-MOv-a, E-PUMPE
5 3.450E-005 007  E-MOV-B, E-PUMP-&
B 2.070E-005 004 E-PUMP-4, E-PUMP-B
7 1.150E-006 000 E-Cv-a, E-MOVE
g 1.150E-00& oo E-CW-B. E-MOV-A
| E.900E-007 000 E-Cvw-A, E-PUMPE
10 E.900E-007 oo E-CW-B, E-PUMP-A
1 2.300E 002 oo E-Cv-a, E-CV-B
Min Cut  4.840E-002  MNum 11 This List==>  4.B40E-002 10000 2 Num 1
Slice | Other Lizt | Wi | Impartarce | Sets Impart. | Beport | Save | Exit
I To view the events in a cut set, highlight the cut set, choose the View Cut Set button.

option.
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To find out where the events in the cut set came from, right-click on a cut set and select the Path Search

Selected Cut Set Eventz - [DEMO, LOSP, 2]

L 05F, 2

- #My ECS OR

0i0 1 <dg-ar
- il 2 AMD ECS, /CCS
ECS-TRAIMS, ECS-SUPPLY
E-MOW-1-FAILS, tank
<dg-ax, e-mow-1

- My EC5-5UPPLY OR
My E-MOV1-FAILS OR




Viewing Basic Event Information for an Individual Cut Set

[ The basic events, their failure probabilities and descriptions are now displayed.
Selected Cut Set Eventz - [DEMO. LOSP, 2] |
Event Mame Walue Dezcription
| LOSF Z300E+000  Loss of Offzite Power [nitiating Event
E-b 0t 5.000E-003 ECS Train & pump dizcharge izolation valve
E-MOV-B 5.000E-003 ECS Train B pump dizcharge izolation valve

E Undefined EndState

<] | 2

Frequency  B.¥S0E-005 012 % Mumber of Events 3

I To view individual basic event information, highlight the event and choose the View
Event button.

I To return to the list of cut sets, choose the Exit button.

15.3 Advanced Features

In complex PRA models, it may be necessary to use special features prior to cut set generation
and/or after cut set generation.

Prior to event tree sequence cut set generation:
O Flag Sets may be used to set House events or Process Flags on a sequence-
by-sequence basis.
After event tree sequence cut set generation:

O Recover Cut Sets can be used as a rule-based automated way to add
"recovery events" to the cut sets.
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16. SEQUENCE UNCERTAINTY ANALYSIS

Section 16 describes uncertainty analysis for event tree sequences. The concept of performing
uncertainty analysis via Monte Carlo or Latin Hypercube sampling is discussed.

¢ Explain the two types of uncertainty analysis techniques available in SAPHIRE.
¢ List the different uncertainty distributions supported by SAPHIRE.
¢ Perform sequence uncertainty analysis.

¢ Display sequence uncertainty analysis results.

16.1 Sequence Uncertainty Analysis

¢ Uncertainty analysis calculates the variability of the sequence frequency resulting from
uncertainties in the basic event probabilities and the initiating event frequency.

¢ SAPHIRE provides two uncertainty analysis techniques:
O Simple Monte Carlo sampling

O Latin Hypercube sampling

16.2 Menus and Options for Performing Sequence Uncertainty
Analysis

[ Select Sequence from the menu bar.
Solve
Cluantify 3
Uncertainty
Cut Setz *
Dizplay 3
Wi

Time Dependent

0 Mark the sequence(s), right-click to invoke the pop-up menu.

0 Select the Uncertainty option. The sequence uncertainty may be calculated for each
sequence individually or as a group.
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Uncertainty Calculation Values

0 Enter the uncertainty calculation values on the dialog:
Uncertainty Calculation Yalues E |
Mumber of zamples to use in simulation
Seed faor random number generator 1]

— Uncertainty twpe— Uncertainty method— Ground Accel Level

g éingle ™ Lalin Hypercube I j
raup
¢ Fanil {* hante Carlo

— Intermediate Yalues
Output Walues [
File M ame I

Ok Cancel

I Uncertainty results will be displayed briefly on the dialog following the uncertainty
calculation.

Uncertainty Type

Specify whether the marked sequences are to be calculated individually, as a group, or for the
family (if all sequences are marked).

Uncertainty Method

Specify Monte Carlo or Latin Hypercube.

Number of Samples

Input the number of samples. (A larger number of samples will provide more accurate results
but will require more time.)

Random Number Seed
Enter a value for the random number generator seed or accept the default. Enter zero to

obtain a random seed from the system clock.

Ground Acceleration Level

Enter a Ground Acceleration Level if seismic uncertainty is selected.
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Output Intermediate Values

OPTIONAL: To save intermediate sample results to a disk file for review, select the Output
Values check box and provide the Output file name.

Uncertainty Results

WETE GROUF
Flandom Seed 32317 Events 17 I Uncertainty results will be displayed briefly
Sample Size 1000  Cut Sets 30 . .

R on the screen following the uncertainty
Foint estimate 5.016E-002 calculation.
kean Y alue A125E-002
Bth Percentile % alue 4 N87E-004 )
Median Value 5 236E 003 0 Uncertainty resuI’Fs fgr_ each sequence
35t Percantile Valus 1 998E.001 when calculated individually can be
Minimurm Sample Yalue 1.552€-005 displayed:
b axirnum S ample Y alue 4 797E+000 > Select Sequence from menu bar,
Sl A Tl 2 93E -0 and highlight the individual
Skewness 1.405E +001 Sequence
Kurtasis 3 709 4002 > Right-click to invoke the pop-up
Elapsed Time 00:00:02. 260 menu and select the Display >

Uncertainty option.

I Uncertainty results for the project can be displayed:
> Select Sequence from the menu bar, mark all the sequences in the family
> Right-click to invoke the pop-up menu and select the Display = Uncertainty
option.
I Note: GROUP uncertainty results are displayed only on the screen immediately after the

analysis. These results are not available from the Display option.
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17.

SEQUENCE IMPORTANCE ANALYSIS

Section 17 describes the various sequence importance measures available in SAPHIRE. Also
shown is how to calculate the importance measures using SAPHIRE.

¢ Explain the use and meaning of importance measures.

¢ Define the importance measures that are available in SAPHIRE for sequences.

¢ Discuss the steps used to calculate sequence importance measures.

¢ View ratio importance measure results.

¢ View difference importance measure results.

17.1 Sequence Importance Measures

¢ Importance measures provide Oreliability-worth[] information about basic events
appearing in the cut sets of an event tree sequence.

¢ Components showing high relative importance may be candidates for either (1) close
monitoring to ensure that the component does not degrade over time or (2) design
changes to increase the component reliability.

¢ Ratio or Difference or Uncertainty importances can be selected.

O When you select Ratio Importances [ Fussell-Vesely Importance, Risk
Reduction Ratio, and Risk Increase Ratio will be calculated, displayed, and
reported.

O When you select Interval Importances [ Birbaum Importance, Risk Reduction
Interval, Risk Increase Interval will be calculated, displayed, and reported.

17.2 Menus and Options for Calculating Sequence Importance
Measures
[ Select the Sequence from the menu bar.
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I

I Highlight an individual sequence, right-click to invoke the pop-up menu.

Solve

Huantify »

Uncertainty

LCut Setz r

Cut Setz

Wiew Importance  + EEEE
Difference
Uneertainty

Display

Uneertainty
—

Time Dependent

I Select Importance, then one of the
sub-menu options. Ratio was
selected in this example.

0 To analyze the importance of a
group of sequences, highlight the
desired sequences, then select

Pl W ar
Importance.
View Sequence Importances
I The Ratio importances are now displayed.
Importance Measures - [DEMO, 2] |
Sart
[Fv |
Event Mame # of Frobability Ff Rizk Reduc. Rizk Incre.
Occur R atio R atio
LOSF 11 Z300E+000  1.000E+000 oo 4 345E-001
DG4 1 2000E-002  9494E-001  1.975E+001  4.752E+001
E-MOY-1 1 1.000E-003  4ES7E-002  1.049E+000  4.752E+001
E-MOY-A, 3 GO00E-003  1.884E-003  1.002E+000  1.374E+000
E-MOV-B 3 GO00E-003  1.884E-003  1.002E+000  1.374E+000
E-PUMP-B 3 3000E-003  1130E-003  1.001E+000  1.375E+000
E-PUMP-& 3 3000E-003  1130E-003  1.001E+000  1.375E+000
E-Cv-B 3 1.000E-O04  376BE-O05  1.000E+000  1.37EE+000
E-Chd 3 1.000E-004  37B8E-005  1.000E+000  1.376E+000
Partiticr | Beport | Exit |
0 Use the Report button on this dialog to write the importance measure to a file or printer.

(Note that Ratio importances are displayed.)

Alternately, the Report = Sequence = Importance option can be used to report sequence

importances.

17-2



18. REPORTING SEQUENCE RESULTS

Section 18 describes how to generate reports of sequence cut set results.
¢ Explain the various sequence information reports available in SAPHIRE.

¢ Display various sequence information reports.

18.1 Sequence Report Menus and Examples

0 To report sequence information, select Report from the menu bar.
0 Select the Sequence radio button and then you can choose from several different report
options.

18.1.1 Sequence Summary Reports

Reportz Menu E |

—Data Twpe——— [~ Report Type —5Sub Type
i~ Project " Summarny ¥ Erief
= Attributes " Logic = Summary
" Basic Events " Cut Sets " Cambination
" Fault Tree " |mportance ' Uncertainty
" Event Tree " Cusgtom
" End State
@ Lequence
 Gate
" Histogram
= Uszer Info Process Exit
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Sequence Brief Summary Report

Familwy: DEMO
Analysis: BANDOM

SEQUENCE EBEEIEF 3TMMARY BEPORT

Case: CURERENT

MinCut
Event Tree Name Sequence Name End=ztate Name Upper EBound
LOAP 2 SMALL-RELEASE
4. 840E-002
LOEP 3 LARGE-RELEASE
1.759E-003
TOTAL L.O0l5E-002
Sequence Combination Report
SEQUENCE COMEINATION EEPORT
Familvy: DEMO
Analyais: RANDOM Case: CUREENT
Sed. Event Tree Name Gequence Name Munher
Mumher Mincut Mean Cutsets
1 LOsP &
4, 340E-002 4. 754E-002 11
2 LO3P 3
1.759E-003 Q. 899E-003 19
TOTAL L.O15E-00Z2  +0.000E4000 30
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Sequence Uncertainty Values Report

SEQUENCE TUNCERTAINTY VALUES

REFPORT

Familwy: Case: CURERENT
Analysis:
Zeq No Ewent Tree Name Sequence Name
Mean MinCut 5th Perc. Minimum Seed
Median Stand. Dew. 95th Perc. Mawimum Gize
1 LOZF 2
4.754E-002  4,540E-002  4,533E-004  3,020E-005 15517
7.594E-0053  1.646E-001 1,.918E-001 2. 153E+000 1000
Z LOsP 3
Q.609E-003  1.759E-003 4.114E-006 5.675E-008 9897
1.740E-004  1.416E-001 1.394E-002  3.934E4000 1000
18.1.2 Sequence Logic Reports
Sequence Logic |
Ewvent Tree Dezcription

Continue

Exit
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Sequence Logic Report

aed. Event Tree Name
NMumber Initiating Ewvent

£ LO3F
LOSP
ECS

Family :

Sequence Logic Report

DEMO
Sequence Name
Flag Zet Name
; ______________
FCCa
3
CCH

18.1.3 Sequence Cut Set Reports

Sequence Cutzetz - [DEMO]

Caze
[F Alternate 1 Baze

Event Tree M arne

Cut Set

Analysiz Tepe IFE.E'-.NDEIM

Description

Huantified Detailed

Exit |

-
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Sequence Cut Set Report

Family : DEMO Jedquence 2
Analysis : FANDOM Event Tree LOsP
Case : ALTERNATE Init. Ewent : LOS5F
Cut
Ho. Gize ALTEENATE CUT 3ETS
1 1 DG-4
2 1 E-M0v-1
3 2 E-C¥-4, E-CV-EBE
4 2 E-C¥-4, E-MOV-E
5 2 E-C¥-4, E-PUMP-E
& 2z E-CV-E, E-MOV-4
7 2 E-CV-B, E-PUMP-4
8 2 E-MOvV-4, E-MOV-BE
9 2 E-M0V-4, E-PUMP-E
10 2 E-MOV-E, E-FPUMP-4
11 2 E-PUMP-4, E-PUMP-E

SEQUENCE CUT 3ET3 FEFOET

Sequence Quantified Cut Set Report

JEQUENCE CUT 3ET3 (QUANTIFICATION) REFORT

Family : DEHMO Jequence 2
Analysiz @ FANDOM Event Tree : LO3P
Caze : ALTERMNATE Init. Ewent : LO3SF
Mincut Upper Bound @ 4.840E-002
Cut % % Cut Prob/
Na Total Get Fred. LLTERNATE CUT 3ETS
1 95.0 95.0 4.6E-00Z DG-4
2 99,7 4.7 Z.3E-003 E-MOV-1
3 09,9 0.1 L.7E-005 E-MOV-4, E-MOV-E
4 09,9 0.0 3.4E-005 E-MOV-4, E-PUMP-E
L o1o0.0 0.0 3.4E-005 E-MOV-E, E-PUMP-4
& 10o0.0 0.0 Z.0E-005 E-PUMP-4, E-PUMP-E
710000 .0 l1.lE-006 E-CV-4, E-MOV-E
g 10000 0.0 1.lE-006 E-CW-E, E-MOV-4
9 10000 0.0 6.5%E-007 E-CV-4, E-PUMP-E
10 100.0 0.0 6.%E-007 E-CV-E, E-PUMP-4
11 100.0 0.0 Z.3E-008 E-CV-4, E-CV-E
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18.1.4 Sequence

Importance Reports

Sequence Importance - [DEMO]

Caze
’Vﬁ' flternate ) Baze

Ewent Tree M ame

Impartance

HE|

Analysis Tupe |FmNDDM

Dezcription

Special Importance

Abs Yalue Importance ;
Exit |

Sort Criteria

-

Sequence Importance Sort Options

Select the Sort Criteria [ B4
— Sart Optiohz

" Name

" Probability of Failure

" Decurence Count

" Rizk Feduction

" Rizk Increase

o, | Cancel |

In this example the “FV or Birnbaum” sort option is selected.
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Sequence Importance Measures Report

SEQUENCE IMPORTANCE MEASTURES FEFORET

Family : DEMO Sequence HE]
Analysiz @ FANDOM Ewent Tree 1 LOSP
Casze i LLTERNATE Init. Ewent : LO3F

[Sorted by Pussell-Vesely Importance)

Mum. Probability PFussell-

Riszk

Reduction

Ratio

. J00E+033
. 975E+001
. 045E+000
. O01E+000
. O01E+000
. O01E+000
L O01E+000
. OOOE+000

Rizk
Increase
FRatio

. 347E-001
. T51E+001
. T51E+001
. 374E4+000
. 374E4+000
. 374E4+000
. 374E+000
. 3TEE+000

of of Vesely

Event Name Oecc. Failure Inportance
LOSE 11 Z,300E+000  1.000E+000
DG-& 1 Z,000E-00Z2 9.493E-001
E-MO¥-1 1 1.000E-003 4.656E-002
E-HMOV-E 3 5.000E-003 1.554E-003
E-MOV-4 3 5.000E-003 1.5584E-003
E-PUMP-E 3 3.000E-003 1.130E-003
E-PUMP-4 3 3.000E-003 1.130E-003
E-CV¥-4 3 l.000E-004 3.765E-005
E-C¥-E 3 1.000E-004 3.765E-005

. JOOE+000

T = =T e T S N

. 37AE+000
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19. EVENT TREE SENSITIVITY ANALYSIS

Section 19 describes how to perform event tree sensitivity studies including basic event data
modifications and event tree logic changes. The use of Change Sets to make basic event data
modifications is described.

¢ Discuss the steps involved in performing event tree sensitivity analysis.

¢ List the various ways to modify event tree logic.

¢ List the two ways data changes can be made to the database.

¢ Describe the two different types of change sets.

¢ Explain the three different sequence analysis options and when each option should be
used.

19.1 Overview of Steps Involved in Performing an Event Tree
Sensitivity Analysis

) If event tree logic changes are to be made, make changes to the event tree logic (e.g.,
add or delete a top event, or modify the event tree branches), and then use Event Tree
-> Link Trees to link the new event tree logic.

@ If fault tree logic changes are to be made, make changes to the fault tree logic using the
graphical fault tree or logic editor.

® If data changes are to be made, enter data modifications by either [
. changing the data "permanently” in the Modify = Basic Events menu,
. changing the data "temporarily " using Change Sets.

Then, use the Generate option from the menu bar to "process” the basic event changes
so that they will be used for subsequently performed SAPHIRE operations such as
quantifying and displaying cut sets and generating reports.

@ To update the event tree sequence cut sets select Sequence from the menu bar. Then
right-click to invoke the pop-up menu and select the appropriate option [ Solve, Cut
Sets = Update, or Quantify.
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19.2 Modifying Event Tree Logic (or Fault Tree Logic Affecting the
Event Tree)

¢ Event tree logic can be changed by using the graphical editor in the Event Tree = Edit
Graphics menu.

¢ Fault tree logic can be changed by using the graphical editor in the Fault Tree = Edit
Graphics.

¢ Alternate ways of modifying event tree logic include:
O using the Event Tree = Edit Logic
O replacing sequence logic with MAR-D .SQL files

19.3 Analyzing Event Tree Sequence Cut Sets

[ Select Sequence from the menu bar.

Sequences - [DEMD) |
Tatal # 2 Marked # 1 Analysiz Type
Ewvent Tree Sequence | BANDIOM j|
ba LOSP
ba LOSP 3
Huantify 3
Uncertainty
Cut Setz »
Dizplay »
Wiew
Time Dependent
<] | *
Ewvent Tree Mame Mazk, Sequence Mame Magk Sequence Logic Svstemn b ask
[ anp = [ lanp =] [ =]
Mazk fction———
’75 |relde = Evclude Spply Masks | Exit |

0 Mark the sequences using the mask features, or individually using the mouse.
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I Right-click to invoke the pop-up menu and select the appropriate option I Solve, Cut
Sets = Update, or Quantify.

Solve

This option uses the event tree logic and fault trees associated with event tree top events. The
sequence frequency is quantified using the minimal cut set upper bound approximation. This
option is appropriate for all sensitivity studies where event tree logic is available; however, it will
take longer than the Cut Sets = Update or Quantify options.

Quantify

This option uses the existing current case cut sets and requantifies the system probabilities. This
option is designed to quickly requantify the cut sets when data changes have been made. (Note:
if data changes increase the failure probability of an event, the Solve option should be used
instead.) This option must be used if the event tree sequence has cut sets, but does not have
sequence logic.

Cut Set Update

This option uses the existing current case cut sets (unless the user specifies that base case cut
sets are to be used instead). Non-minimal cut sets are eliminated and the system probability is
quantified using the minimal cut set upper bound approximation. This option may not be
appropriate for the model or data changes performed (the user must decide when it is
appropriate to use this option).
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20. BASE CASE UPDATE

Section 20 describes how to perform a base case update on event tree accident sequence
results and system results.

¢ Describe the difference between base case and current case.

¢ State the prerequisites before performing a base case update on both event tree
accident sequences and system results.

¢ Perform a base case update on event tree accident sequence and system results.

¢ All results generated by SAPHIRE are stored in the current (alternate) case. These
results change each time a new analysis is performed. To save the results that were just
generated permanently, a base case update needs to be performed.

¢ Base case update is a means to store data and results in the family files as a
Opermanentl record.

¢ Base case data and results are changed by transferring the current case to the base
case. Transferring the current case data and results into the base case gives a
Opermanentl record that can not be removed until another base case update is
performed.

¢ By performing a base case update, these base case results can be readily compared to
results from other sensitivity analyses.

¢ The various base case updates are shown graphically below.
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Loglc Models
and Graphics

{ Base CaSe", wnpry ysen Bace o Updare Panders Faut Tree Reauty/ CUIITENE CAS
ODIFY Event Tree" Base Case Update (Transfers Sequence Reg

'MODIFY End Stete” Baze Gase Update (Transfers End Sfate Reeufs)

Results

Event Data "GENERATE' Bate Cace Lipdte {Transfors Ghange Set Changes) Event Data

[ Change Sets j

20.1 Event tree accident sequence results

¢ Prerequisites for sequence results base case update
O Generate appropriate data changes for the analysis.
o Analyze (i.e., generate cut sets) the accident sequences at a specified truncation
level.
o Review resulting cut sets for correctness.
o Apply recovery rules to the accident sequence cut sets if required.
o Perform uncertainty analysis if needed.

We are now ready to perform a base case update.
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20.2 Menus and options for accident sequence base case update

0 Select the Modify  Event Trees menu.
Edit Event Trees - (DEMO) HE|
5 Mame Description
LOsSP Lozs of offsite power event tree
Right Click for Menu Optians.
Caze Update

’V Base Update |  Clear Altermate Sequences Exit

0 Mark the event trees.

[ Choose the Base Update button.

(The Clear Alternate button removes the results stored in the current (alternate) case.)

Base Case Update Dialog

Base Case Update |

WARMIMG: This option will franzfer the alternate or temporany values
gtored in the data base to base caze for the zelected analpsis ype.
The old baze caze wil be lozt.

Analysis Type  [RANDOM =l

Are pou sure you want to do thiz?

Cancel |

I

Choose the OK
button to perform
the base case
update.

The Analysis Type
drop-down list gives
you the opportunity
to do a base case
update on any one
of the sixteen
different analysis
types listed.
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Note: The default analysis type as shown in the Define Constants[ will be the default
selection for the base case updated.

0 To perform a base case update on any of the other analysis types, you must select the
analysis type prior to choosing the OK button.

20.3 System fault tree results

¢ Prerequisites for system results base case update
O Generate appropriate data changes for the analysis.
o Analyze (i.e., generate cut sets) the system fault trees at a specified truncation
level.
O Review resulting cut sets for correctness.
O Apply recovery rules to the system cut sets if required.
o Perform uncertainty analysis if needed.

We are now ready to perform a base case update.
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20.4 Menus and options for fault tree base case update

0 Select the Modify ~ Fault Trees menu.

Edit Fault Treezs - [DEWMO]

S Mame Dezcription

ECS Emergency Cooling System Fault Tree

Right Click for Menu Options.
"Case |Jpdate

Basze Update I Clear Alternate Top/Sub Text Exit

I Mark the fault trees.
0 Choose the Base Update button.

(The Clear Alternate button removes the results stored in the current (alternate) case.)



21. USING DATABASE FILES

Section 21 describes ways to transfer event tree, fault tree and basic event information from one
project database to either a newly created project database or an existing project database.

¢ Give examples of the information stored in event tree, fault tree, and basic event MAR-D
files.

¢ Describe the steps required to extract event tree, fault tree, and basic event files.

¢ Discuss how event tree, fault tree, and basic event information can be transferred from

one SAPHIRE project to another.

21.1 Event Tree Files
¢ The event tree files created in SAPHIRE have the suffix of *.ET*.

> These files store information about the event trees including logic, rules, and
attributes.
> The *.ETG file is created when the event tree is built and the logic is saved.

> All other *.ET* files are created only by using the MAR-D Extract feature.

¢ SAPHIRE allows information pertaining to the event trees to be extracted from one
project and copied to another SAPHIRE project.

¢ The MAR-D module in SAPHIRE allows the user to extract event tree information to be
edited using a text editor.

¢ MAR-D also allows the user to load extracted files from another project into the current
project.

21-1



MAR-D Load and Extract Menus
| Ltity |

Define Conztants

Load and Estract

Archive Data Baze
Recover Data Baze

Fault Tree
Ewvent Tree

Extract Data

0 The MAR-D menus are provided in the Utility
and Extract menu.

Load

This option allows you to extract MAR-D files from the database into a text file.

Load

Data

This option allows you to load MAR-D files that are contained in the projectlls subdirectory.

Load and Extract Event Tree Data

Load and Extract Data E |

Data Action — Data Format
’7 " Load ¥ Exbact & MaR-D O Sets
—Data Type — File Type
i Project i [Description
" Attributes ' Graphics
" Basic Events " Logic
" Fault Tree " Attributes
& Event Tres " Rules
" End State " Recovery
" Sequence = Patition
" Gate 0 Texst
i~ Change Set
" Histagram -
 Slce Frocess E it

From the Data Action section, choose either the Load or Extract radio button.
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I From the Data Format section, choose either the MAR-D or Sets radio button.
0 Then choose the desired data type from the Data Type section.

0 The event tree information MAR-D format is selected in the figure shown above.
Any one of the listed MAR-D file types can be accessed by selecting the
appropriate radio button.

I Choose the Process button.
0 You can mark individual event trees, a range of event trees, or all of the event
trees.

I Choose the Extract/Load button

0 When extracting, you will be prompted to accept or change the MAR-D file
name. The default name is usually the project name and the MAR-D file 3-
character extension (e.g., DEMO.ETD).

I When loading, the files in the project directory that have the extension *.ET* will
be listed on the dialog. Mark the file (or files) to load.

21.2 Fault Tree Files
¢ The fault tree files created in SAPHIRE have the suffix of *.FT* and *.DLS.

> The files store information about the fault trees, including logic, rules, and
attributes.
> The *.DLS files are created when the fault tree is built and the logic is saved.
> All other *.FT* files are created only using the MAR-D Extract feature.
¢ SAPHIRE allows information pertaining to the fault trees to be extracted from one project

and copied to another SAPHIRE project.

¢ The MAR-D module in SAPHIRE allows the user to extract fault tree information to be
edited using a text editor.

¢ MAR-D also allows the user to load extracted files from another project into the current
project.
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Load and Extract Fault Tree Data

Load and Extract Data——__HEH]|
Data Action — Data Format
’7 " Load ¥ Exbact & MaR-D O Sets
—Data Type — File Type
i Project i [Description
" Attributes " Logic
" Basic Events ' Graphics
& Fault Tree " Cut Sets
" Event Tree " Attributes
" End State " Recovery Rules
" Sequence i Teut
" Gate " PID Diagrams
i~ Change Set
" Histagram -
 Slce Frocess E it

From the Data Action section, choose either the Load or Extract radio button.

From the Data Format section, choose either the MAR-D or Sets radio button.

Then choose the desired data type from the Data Type section.

I

o Y s Y s Y s
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The fault tree information MAR-D file is selected in the figure shown above. Any
one of the listed MAR-D file types can be accessed by selecting the appropriate
radio button.

Choose the Process button.

You can mark individual fault trees, a range of fault trees, or all of the fault trees.
Choose the Extract/Load button.

When extracting, you will be prompted to accept or change the MAR-D file

name. The default name is usually the project name and the MAR-D file 3-
character extension (e.g., DEMO.FTD).

When loading, the files in the project directory that have the extension *.FT* and
*.DLS will be listed on the dialog. Mark the file (or files) to load.



21.3 Basic Event Files
¢ The basic event files created in SAPHIRE have the suffix of *.BE*.

> These files store information about the basic events, including probability
information, attributes, and descriptions.

> The *.BE* files are created only by using the MAR-D Exiract feature.

¢ SAPHIRE allows information pertaining to the basic events to be extracted from one
project and copied to another SAPHIRE project.

¢ The MAR-D module in SAPHIRE allows the user to extract basic event information to be
edited using a text editor.

¢ MAR-D also allows the user to load extracted files from another project to the current
project.

Load and Extract Basic Event Data

Load and Extract Data [ 7] |
Data Action————— [~ ['ata Farmat
’7 " Load % Exbact & MaR-D O Sets
—Data Typg———— —File Type
" Project % Description
" Attributes " Rate Information
& Basic Events © Attributes
" Fault Tree " Transformation
" Event Tree
¢ End State
" Sequence
" Gate
" Change Set
" Histagram -
Process Exit
" Slice
I From the Data Action section, choose either the Load or Extract radio button.
I From the Data Format section, choose either the MAR-D or Sets radio button.
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Then choose the desired data type from the Data Type section.

I

The basic event information MAR-D file is selected in the figure shown above.
Any one of the listed MAR-D file types can be accessed by selecting the
appropriate radio button.

Choose the Process button.

You can mark individual basic events, a range of basic events, or all of the basic
events.

Choose the Extract/Load button.
When extracting, you will be prompted to accept or change the MAR-D file

name. The default name is usually the project name and the MAR-D file 3-
character extension (e.g., DEMO.BED).

When loading, the files in the project directory that have the extension *.BE* will
be listed on the dialog. Mark the file (or files) to load.

21.4 Moving Database Files

Database information from one SAPHIRE project can be moved into another SAPHIRE project.
By moving information (i.e., database files) from one database project another database project
you may, reduce the time required to duplicate this information in the new SAPHIRE project.

¢

Copying extracted MAR-D files from one SAPHIRE project to another SAPHIRE project:

)

Go to the SAPHIRE project directory that contains the files to be copied.

This directory may be C:\SAF60\DEMO (or what ever your project subdirectory
is named).

Highlight all of the database files in the project subdirectory. Hold down the
<Ctrl> key and drag the files to the destination project directory.

This will copy those files highlighted from the DEMO project into the specified
SAPHIRE project.

The files just copied may need to be loaded into the new SAPHIRE project (if they were
MAR-D files).

)
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In SAPHIRE select the project directory that the files were copied to (using the
File =» Open Project menu).



@ Load the MAR-D files into the project from the Utilities  Load and Extract
menu.

® Recover the database from the Utility = Recover Data Base menu.

@ Generate event data from the Generate menu.
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